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ABSTRACT 

This issue of "Mercury" is a tribute to the 
accomplishments of female astronomers. It is an affirmation that 
women can and do pursue successful careers in the physical sciences 
even though some special obstacles have existed and, sadly, continue 
to exist in both the education process and the professional career 
process. The journal contains the following articles: (1) "A 
Historical Introduction to Women in Astronomy" (a. K." Dobson and K. 
Bracher) ; (2) "Some Glimpses from My Career" (D. Hof f leit) ; (3) 
"Henrietta Hill Swope: Variable Stars in the Milky Way and' Andromeda" 
(B. L. Welther); (A) "One Woman »s Journey" (A. M. Boesgaard) ; (5) 
Shortchanging Girls" (N. Barlow); (6) "Discrimination in the 
Workplace: Results of Two Recent Surveys and Some Recommendations" 
(J, Price); {7) "A Male Perspective: Not Equal, Not Yet" (G. 
Clayton); (8) "Women Worldwide in Astronomy" (D. Hunter and*V. 
Rubin); (9) "Forming a Local Women- In-Astronomy Group" (E. M. Alvarez 
del Castillo); (10) "Vera Rubin: An Unconventional Career" (S. 
Stephens); and (11) "Women in Astronomy: A Bibliography" (A. Fraknoi 
and R. Freitag). (PR) 
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Froit: the Editors: 

Welcome to this special issue of Mercury magazine dedicated to women in astronomy. In preparing 
this issue, we sent a questionnaire to a representative group of astronomers, both female and male. 
We asked for thc*ir opinions about the current status of women in astronomy and for personal remi- 
niscences of life as an astronomer. The survey was intended to bring as wide a diversity of opinion 
as possible to this issue. A sampling of some of the responses we received begins on page 27. 

We also asked how each person became interested in astronomy. A surprising number of women 
told of being interested in science as a gkl, but thinking that it was not something women could do, 
or something that only a few women in history, like Marie Curie, did. It was only when they read 
about, or met living women astronomers that they realized that they too could pursue their dream. 
This issue is intended to showcase the accomplishments of women in astronomy, while not ignoring 
the problems they faced (and continue to face). Perhaps the women within these pages will inspire 
yet another generation of women to pursue their dreams of studying galaxies and stars. 

Sally Stephens stud Andrew Fraknoi 
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? T omen astronomers' must seem like an oxymoron to many. 
Pick up any current textbook on astronomy (nearly all of which are 
written by men') and examine the index: among the couple of 
hundred people listed, chances are good that ycu will find fewer 
than six or seven women. Is it actually the case that astronomy (or 
ai least "significant" astronomy) is and has been done only by 
men? Hardly. Despite often intimidating social pressures, women 
have always participated in astronomy. Many women, whose 
names our students by and large don't find in their textbooks, have 
made valuable contributions to our deepening understanding of 
our universe. 

The opportunities for women to participate in astronomy (and, 
of course, in the sciences generally) have been constrained both by 
external pressures such as lack of access to education (and lack of 
access to work and equipment even with education), and by social 
conditioning that led many brilliant women to question their own 
worth and abilities. In this article, we want to look briefly at the 
work of several women astronomers and also at how the opportu- 
nities, work, and self-images of women in astronomy have 
changed over the past two centuries.- 



I. A significant exception is former A.S.P President and the Director of llie 
National Optica! Astronomy Ohser\alorles SidncN WoltT. She is ihe co-auihor. 
uith David Morrison, of a scries of te\lho(»ks. including those first begun years ago 
by the late George Abell. — Ed. 



2. For more on the work of the women mentioned in this antcle. and many others, 
see the bibliography later in this issue. — Ed. 



MKRCURY — The Journal of the Astronomical Society 
of the Pacific (ISSN 0047^6773 ) is published bimonthly by 
the Astronomical Society of the Pacific, 390 Ashtoi: Ave.. 
San Francisco, CA 941 12. Yearly subscription rate is 
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Introduction 
Astronomy 



Katherine Bracher 

College 

Caroline Lucretia Herschel 



Before the widespread accessibility of higher education it was 
often the case that women (and men, a point that is often over- 
looked) came to an interest in astronomy by way of a relative. 
Often women astronomers were assistants to their fathers, hus- 
bands, or brothers; such collaboration maices it all too easy to label 
their work as not particularly original. 

One who received some amount of recognition for her assis- 
tance was Caroline Lucretia Herschel, born in 1750 in Hanover 
into a large and musically inclined family. Her mother deemed it 
appropriate that Caroline receive a minor amount of formal educa- 
tion and a large amount of informal training to equip her to care for 
her brothers. Her brother William, 12 years her senior, took his 
musical training and his interest in astronomy to England in 1757; 
Caroline followed him 15 years later. With some additional formal 
training Caroline Herschel probably could have pursued an inde- 
pendent singing career; she preferred to give that up to assist and 
keep house for William. 



William's 1781 discovery of Uranus (and the ensuing salary 
bestowed upon him by King George III) allowed him to devote his 
time entirely to astronomy. While William ground the glass for his 
telescopes, Caroline fed him by hand; while he observed, she 
recorded his observations. In 1782 he gave her a small telescope 
with which she could observe the skies on her own when he was 
away. On August 1, 1786, Caroline discovered a comet, the first 
of eight she found over a span of eleven years. Her note to the 
Secretary of the Royal Society announcing her first discovery is 
almost apologetic in tone; later announcements are more profes- 
sional and less self-deprecating. 



$29.50 within the U.S. and $37.50 foreign. Second class 
postage paid at San Francisco and at additional mailing 
offices. POSTMASTER: Send address changes to: Mer- 
cury, A.S.P,, 390 Ashton Ave,, San Francisco, C A 94 1 1 2. 
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A Few Women Astronomers before Caroline Herschel 





Catherina Elizabetha Hevelitis (1646-1693) (also 
known as Elizabeth Margarethe) was the second 
wife of the famous Polish astronomer Johannes 
Hevelius. Unable to find a reli^Ie aide for his ob- 
servations, he trained his wife to act as his assistant. 
Together they made nightly observations for a cata- 
log of fixed stars. Unfortunately much of their work 
was destroyed by a fire in 1679. When Hevelius 
died in 1687, his wife continued his research. She 
published two catalogs, Prodromus Astronomiae and 
Firrnamentum Sobiesciantim, the latter of which 
contained 1,564 stars, the largest and last catalog 
made without the aid of a telescope. 



Nicole-Rch^ Lepaute (1723-1788) was well known for her extraordinary mathemati- 
cal abilities. The French astronomers Clairaut and Lalande sought her help for the 
difficult computations needed to predict the path of Halley's Comet. For six months 
the trio frantically calculated the movements of Jupiter and Saturn over 150 years to 
find their effects on the comet, successfully predicting the date of its return in 1757. 
Lepaute' s computations for the annular eclipse of 1764 were used throughout Europe. 

Unfortunately, her years of arduous calculations left her nearly blind. 





Margaret Bryan (17[?] - 18[?]) was a British 
natural philosopher and a teacher in a seminary 
for girls. In 1797, she published /I Compendi- 
ous System of Astronomy, In A Course of 
Familiar Lectures, a widely used textbook for 
students not previously acquainted with 
advanced mathematics. She also published 
Lectures on Natural Philosophy in 1806, and 
Astronomical and Geographical Class-Book in 
1815. Although not widely remembered, she 
combined a teaching and writing career with 
bringing up two daughters. 




Illustrations and text from IBM's 1975 
"Women in Astronomy'' exhibit; 
courtcsv Griffith Observatory 



Maria Gaetana AgnesI (1718-1799) was a leading mathema- 
tician in the Newtonian period. In 1738, she pub'ished a 
treatise on universal gravitation, hydromechanics and celestial 
mechanics. A mathematical curve is named after her. 



For her work, the king granted Caroline Herschel an annual 
pension of 50 pounds, the "first time that a woman had been 
appointed assistant to the court astronomer." It was also the first 
time Caroline had ever had any funds of her own to use as she 
wished. William marriedin 1788, freeing Caroline from the duties 
of a housewife. She continued to assist him in his astronomy, 
however, and to make her own observations as time pennitted. 

More significant than her comet discoveries was HerscheKs 
work in the reduction and publication of her brother's observations 
of nebulae. The reduction of position measurements to a common 



epoch was, to put it mildly, a tedious business. Her publications 
included, following William's death in 1822, A Catalogue of the 
Nebulae Which Have Been Observed by William Herschel in a 
Series of Sweeps, containing over 2500 positions. For this work 
Caroline, who had returned to Hanover, received in 1828 a Gold 
Medal from the Royal Astronomical Society (RAS). William's 
son John, also a noted astronomer, was president of the RAS at the 
time and seems to have been quite ambivalent about the award. In 
writing to notify his aunt, John says *Tray let me be well under- 
stood on one point. It was none of my doings. I resisted strenu* 
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ously. Indeed, being in the situation I actually hold, I could do no 
otherwise. The Society have done well. I think they might have 
done better, but my voice was neither asked nor listened to/' (In 
subsequent correspondence he does apologize for offending his 
aunt.) Caroline was a bit unsure of the matter herself, writing in 
reply to her nephew that "I felt from the first more shocked than 
gratified by that singular distinction, for I know too well how 
dangerous it is for women to draw too much notice on themselves 
, , . Whoever says too much of me says too little of your father!*' 
Throughout herlife she consistently down-played her own work in 
favor of her brother's. 

Herschel kept up, as best she could with failing eyesight, with 
current astronomy, and frequently received visiting scientists 
passing through Hanover. In 1 835 she and Mary Somerville were 
elected honorary fellows of the R AS (women, of course, not being 
permitted to be actual members), and on the occasion of her 
birthday in 1 846 she received a Gold Medal for Science from the 
King of Prussia. She died the following year at age 97. 

Maria Mitchell 




In the year of Herschefs death a comet 
was found by a 29-year-old librarian and 
amateur astronomer. For this discovery 
Maria Mitchell was awarded a gold 
medal by the King of Denmark, offered 
for the first report of a comet that was not 
visible to the naked eye at the time of its 
discovery. This catapulted her to a con- 
siderable amount of fame, although not 
so lasting that the Smithsonian Institu- 
tion felt inclined to include Mitchell in its 
1976 exhibition on 200 years of Ameri- 
can astronomy. 

Mitchell was born in 1818 to a 
Quaker family on the island of Nan- 
tucket. With many of the local men away 
at sea for long periods, the island women 
were of necessity quite reliant upon each 
other, which may have influenced 
Mitchell's later belief in the work of 
women's colleges. Her father was inter- 
ested in astronomy and Maria assisted 
him, learning to use a sextant and set a 
chronometer at an early age. Her later 
assessment of her own abilities was that 
she "was born of only ordinary capacity, 

but of extraordinary persistency". Mitchell's formal schooling 
came to an end when she was 1 6, After teaching for about a year, 
Mitchell was offered the post of librarian at the new Nantucket 
Atheneum. Since the Atheneum was only open afternoons and 
Saturday evenings, Mitchell had plenty of time for study and 
astronomy. Her father's recognition as a good amatcurastronomcr 
brought Maria into contact with professional astronomers at places 
like Harvard and the Smithsonian. 

Following Mitchell's comet discovery, she was elected as the 
first woman member of the American Academy of Arts and 




Maria Mitchell (left, hSJS 
Vassal' Collci^e Ohscn 
Colleye Library) 



The mild medal 
awarded to Maria 
Mitchell for the dis- 
coven of a tele- 
scopic comet in IH47 
from the Kin^ of 
Denmark, (Photo hy 
Fred Clow, courtesy 
Maria Mitchell 
Association) 



Sciences (in 1848 — it would be 95 years before a second was 
elected) and to the newly formed American Association for the 
Advancement ofScience( 1850), In 1849 Mitchell was employed 
as a computer (one who performs lengthy mathematical calcula- 
tions) for the American Ephemeris and Nautical Almanac, calcu- 
lating positions of the planet Venus: she continued at this occupa- 
tion for 19 years, 

Mitchell's greatest contributions 
came in the area of women's education. 
While her comet discovery was not ex- 
actly earth-shattering science, it had 
brought Mitchell recognition as one of a 
very few women scientists in the U.S. 
Thus, in 1865, when Vassar College 
opened, Mitchell was asked, despite her 
lack of formal educition, to become 
professor of astronomy and director of 
the observatory. At this point, concerned 
about the **half-educated. loose, and in- 
accurate ways" in which young women 
seemed to think. Mitchell .-^eems lo have 
made a conscious decision to commit her 
time to teaching rather than to more pres- 
tigious research work. And apparently as 
a teacher Mitchell was outstanding, 
highly motivating, and demanded pains- 
taking mathematics and careful observa- 
tions. The Vassar trustees certainly 
weren't convinced of her worth: Mitch- 
ell received a salary of $800, compared to 
the $2500 received by the male profes- 
sors. 

Despite a lack of good equipment. 
Mitchell and her students were able to do 
productive astronomy. She observed 
several solar eclipses, including the 
notable eclipse of 1878. for which she 
traveled to Denver: she followed the changes in sunspots: her 
regular observations of Jupiter led her to conclude that one sees 
merely the uppermost clouds of a body composed entirely of 
clouds, rather than thin clouds above a solid surface as was 
supposed by current theory: she noted also the differences in 
appearance among Jupiter's satellites. For her work Mitchell 
received three honorary degrees: LL,D.'s from Hanover College 
( 1 853 ) and Columbia (1887) and a Ph.D. from Rutgers (1870 ). She 
is also honored by a small lunar crater which bears her name. 
Over the course of her life Mitchell became more and more 



J<S<S9) with a student at the 
atorw (Courtesy Vassar 
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Maria Mitchell ( left) and six of her students traveled to i^urlin^ton, Iowa 
to witness a total eclipse of the Sun on August 7, IH69. (Courtesy Vassar 
College Library) 



interested in the cause of women's rights generally and women's 
science education more specifically. In 1 873 she helped found the 
Association for the Advancement of Women, and served as presi- 
dent ofthat organization for two years, 1875 and 1876. She chaired 
the AAW science committee until her death. 

Mitchell rccogni/ed that her work did not produce incredible 
advances in theoretical astronomy. She strenuously objected, 
however, to the suggestion that as women had patently contributed 
so little to science in the past, they were therefore incapable of 
doing so in the future. To compare the work, for instance, of 



In Winnifred 
Edi^erton (1862- 
1 95 1 1 became the 
first American 
woman to receive a 
PIlD. in as:r(moiny 
(from Columbia Uni- 
versity}. After 
{graduation, she mar- 
ried and, partly at 
her husband's insis- 
tence, traded in aca- 
demic life for fam ily 
life, Edi^erton main- 
tained an interest in 
wotnen '.v educati(m, 
however, foundini* 
the Oakesmere 
School for Girls in 
Greenwich, Con- 
necticut in 1906. 

(Photo by Pach Brothers, courtesy V/ellesley Collciie Archives) 




Caroline Herschel, busy knitting her brother's socks, to that of 
Tycho Brahe, provided with an observatory and assistants, was 
simply not fair: *The laws of nature are not discovered by accident, 
theories do not come by chance, even to the greatest minds; they 
are not born of the hurry and worry of daily toil; they are diligently 
sought . . . And until able women have given their lives to 
investigation, it is idle to discuss their capacity for original work.'' 
Mitchell, however, felt that there were some areas of research 
where women might particularly excel: specifically those requir- 
ing painstaking measurement and attention to detail. 

The Role of Women^s Colleges 

Maria Mitchell saw the end of the era when astronomy was 
done by lone, reasonably well-off amateurs. Advances in technol- 
ogy — photography, spectroscopy, larger telescopes — soon led 
to a rise in the number of observatories and a rise in the cost of 
doing astronomy. Formal education came to be a necessity, and 
learned societies began distinguishing the professional scientists 
from the .self-taught amateurs. (And of course, women, being ipso 
facto amateurs, were therefore not welcome!) 

As the end of the nineteenth century approached, the availa- 
bility of higher education for women increased dramatically. At 
the fore in the U.S. were the women's colleges: in addition to 
Vassar, there were Mt. Holyoke (fou nded i n 1 837 ), Smith ( 1 87 1 ), 
and Wellesley (1875), to name some of the earliest. Graduate 
education, a new-fangled idea of the men's universities, was still 
fairly hard to come by. Winnifred Edgerton, who graduated from 
Wellesley in 1 883, fought long and hard to be allowed to attend Co- 
lumbia University, where she earned the first Ph.D. in a.stronomy 
by an American woman in 1886; .she was followed by four more 
women in the 1890s. 

An education was of course no guarantee of a job. Dorothea 
Klumpke — who later .set up an endowment at the A.S.P. — 
earned her doctorate and a position in Paris; Margaretta Palmer 
(Ph.D. 1894) .stayed on as a computer at Yale. The women's 
col leges were a small exception: 1 6 women found work as profes- 
sors and/or observatory directors at Vassar, Mt. Holyoke, Smith, 
Wellesley, and co-ed Swarthniore between 1865 and 1926. In 
some ca.ses this resulted in a chain of women several generations 
long: at Va.s.sar, Maria Mitchell was succeeded by Mary Whitney, 
one of her first students, who in turn was succeeded by Caroline 
Furness, Vassar class of 1 89 L 

The re.search done at the women's colleges tended to be 
similar to Mitchell's early program at Vas.sar: patient, repetitive 
ob.servation of objects such as comets, asteroids, variable .stars. As 
Pamela Mack has noted, *The professors at the women's colleges 
chose research problems in the areas stereotyped as women's work 
because tho.se topics could be pursued with the equipment they had 
available and because male astronomers they consulted about their 
research programs suggested those topics." The rigorousne.ss of 
their course work does not .seem to have been below the standards 
of the men'^ school.s, though. The second student physics labora- 
tory in the U.S., for in.stance, was established at Wellesley (where 
physics was required of all .students!) in the late 1 870s under Sarah 
F. Whiting, with advice from Edward C. Pickering who had 
recently designed the first such laboratory at MIT. 
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MERCURY • January / February 1992 • page 8 



.9 




Maria MitchcU (second from Icffjaf Vassar CoUcs^e, with her students, 
circa IS7S. (Courtesy Vassar Collcf^e Library } 



The Observatories 

The new gene ration of college-educated women astronomers 
found some chances for employment as computers at the larger 
observatories. Vera Rubin relates a comment by one of her 
graduate students to tiie el'fect that the rapid rise of U.S. astronomy 
in the early 20th century was due to the fact thai Geoi ge Ellcry Hale 
(builder of large telescopes) discovered money and Edward C. 
Pickering discovered women! Pamela Mack has found records of 
164 women who worked for various U.S. observatories between 
1875and 1920. The Harvard CollegeObservatory(HCO) hired its 
first women assistants in 1875. Pickering became director of the 



HCO two year^ later, and between then and his death in 
19 19,HC0 employed 45 women, more than any other 
observatory. While Pickering encouraged bright 
young women to pursue higher education, he, along 
with most other scientific men ol'lhe time, believed 
that the intellectual abilities of women suited them 
for repetitive, non -creative data- gat he ring projects, 
not for original theoretical work. 

Pickering was an early proponent of the grow- 
ing science of astrophysics and a Baconian collector 
of data. He seems to have been supportive of women 
working in astronomy, but also highly economically 
motivated: in his 1 898 annual report, he noted that women 
were ''capable of doing as much good routine work as astrono- 
mers who would receive larger salaries. Three or four times as 
many assistants can thus be employed." The women at HCO 
usually received between 25 and 35 cents per hour. In a time of 





Edward C. 
Pickerinii, as 
Director of the 
Harvard College 
Observatory, hired 
ma?iy women to 
work as hiamin 
computers, 
calculatinfi 
positions and 
orbits of astro- 
nomical objects 
and classifying* 
thousands of stars. 
(Courtesy Yale 
University) 




A sirouj) of staff members at the Harvard Collcfie Ohseivatoty in 1925. 
lA'ft tori^ht: HarviaH. Wilson, A^nesM. Hoovens, Antonia C. Mamy, Ida 

E. Woods, Annie J. Cannon, Maty Howe, Mar\>aret Hanvood, Evelyn F. 
Leiand, Arville I). Walker, Lillian L. Hodf^edon, Cecilia H. Payne, Edith 

F. Gill, Marf^aret L Walton, Mabel A. Gill, and Florence Cushman. 
(Courtesy Han ard College Observatory) 



severely restricted opportunities. Pickering had applications from 
far more women than he could possibly employ. The women had 
no hope of advancing to positions where they might design 
independent research projects. Their tasks were of the type 
expected of women: many spent decades recording, cataloging, 
and classifying. In part because of the time spent and, hence, their 
extreme familiarity with their subjects, many produced extremely 
valuable work. (It was a reflection of the times that the group of 
women working at Harvard were nicknamed ^^Pickering's 
Harem.") 
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A i^rotif) of women coinputers, directed hy William ina f'lemin^i {sunuUn^). The seated f\\iure in the front 
is Evelyn Leland: at the left rear is Anton ia Maury, Circa I ( Courtesy Harvard College Ohsemitory) 



Fleming and Cannon 

One of the first women hired by Pickering was Williamina 
Paton Fleming. Fleming was born in Scoiland in 1857. She and 
her husband emigrated lo the U.S. in 1875. When their marriage 
disintegrated two years later, leaving her pregnant, Fleming found 
employment as a maid wiih Pickering. By 1 881 she was working 
at the observatory, initially doing I'airly routine pi ojects. With time 
her responsibilities increased. Studying photographic 
spectra, Fleming discovered 94 of ihe 107 Wolf-Rayet 
stars ^ known al the timeof her death. 10 of the 28 known 
novae, and 222 long-period variable stars; she edited ob- 
servatory publications and became supeivisor of the 
increasing number of women a.ssistants. The bulk of the 
first Henry Draper catalogue of stellar spectral types was 
based on her classifications. (Henry Draper was a well- 
to-do New York physician and amateur astronomer; his 
widow donated a considerable amount of money to the 
Harvard observatory in his memory.) In 1898 Fleming 
was given a Harvard Coiporation appointment as Curator 
of Astronomical Photographs, the first such appointment 
made to a woman. In 1906 she was elected an honorary 
member of England's Royal Astronomical Society. In 
addition to her career, she successfully raised her son 
Edward and put him through MIT. Fleming seems lo 
have subscribed to the idea of a "woman's place" in the 
observatory: she spoke at the 1893Chicago World's Fair 
on "A Field for Women's Work in Astronomy," valuable 
despite its restrictions. Fleming died in 191 1 at the age of 
54. 



Fleming was succeeded as Cura- 
tor of Astronomical Photographs (al- 
though not by Corporation appoint- 
ment) by Annie Jump Cannon. Welle- 
sley class of 1884, Cannon was born in 
186.3 into a fairly well-to-do family; 
her mother was an amateur astronomer 
and sparked her interest in the sky. 
Studying at Wellesley under Whiting. 
Cannon developed an interest in spec- 
troscopy. Following her graduation. 
Cannon dutifully spent a decade at 
home with her parents in Delaware, 
"very dissatisfied with life. ., (because 
there] are so many things that I could 
do". Cannon returned to Wellesley as 
a physics assistant following her 
mother's death in 1894. She took 
astronomy classes at Radcliffe and in 
1 896 joined the staff at HCO. 

Cannon rearranged Fleming's 
spectral classification system to reflect 
systematic trends in the strengths of all 
spectral lines, not merely those of hydrogen. This meant dropping 
some of Fleming's letter classes and reordering others. The result 
is the OBAFGKM series of spectral types, reflecting decreasing 
stellar surface temperature, that is still (with minor modifications) 
in use today,** Following her appointment as Curator of the 
photographic collection. Cannon began a systematic classification 
of all stars on all Harvard photographic plates down to 9th 
magnitude. In all, she examined and classified nearly 500,000 




3. WoM-Rayet stars arc ru»w kium n to be hot. b>right, massive stars that 
are ejecting a shell of material; novae are stars that show a sudden 
outburst of radiation. — Ed. 



The OBAFGKM spectral sequence, pioneered hy Annie Jump Cannon, cla.ssipes .stars 
accord infi to the lines in their spectra. In this ncf^ative imatie. the spectral class is listed 
to the left of each .spectrum. B, A and F stars show primarily spectral lines from 
hydrogen and helium, whereas K and M stars have strong Une,s' from calcium and 
titanium o.xide. (Courtesy Yerkes Olhsctraton) 
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Annie Jump Cannon ( IH63-I94I }, in her later years, at work e.xwnirn'nfi 
a photographic plate. ( Courtesy Harvard Collef" Obsen-atory) 



01 work , . , she holds no official position in the university". It was 
1938» three years before her death, before the Harvard University 
Corporation appointed Cannon, who was then 75 years old, a 
professor of astronomy. 

Maury and Leavitt 

Cannon classified; her system was easy lo use, her personality 
was charming, her work was performed at an incredible rate. Only 
the first of these is applicable to another of the members of "Pick- 
ering s Harem", Anton iaC. Maur>,adourand talented astronomer 
who>e physical insights and b{M*cdoni with drudgery did not well 
11 1 her for the routine work of spectral classification. Maury was 
born in 1 866, the niece of Henry Draper. After hergraduation from 
Vassar in 1 887, her father implored Pickering to give Maury a Job. 
She worked, off-again and on-again, at HCO until 1935. 

Where Cannon's early tasks had included classification of a 
sequence of southern stars, Maury was assigned plates of the 
northern sky. She, too, was dissatisfied with Fleming's scheme 
(some of which was simply in error due to the poor quality of the 
early photographs; and devised her own. In addition to the relative 
strengths of various lines, Maury's system took note of the sharp- 
ness of the lines. Since an entire photograph could be blurry owing 
to a poor-quality observation, this usually meant that a classifica- 



spectra. In sparse regions, she could classify at a rate of better than 
three stars per minute, calling out her observations to an assistant. 
Her classifications were accurate to l/IO of a spectral type (deter- 
mined years later when Cannon reclassified a number of spectra). 
Her work was published as the nine-volume Henry Draper Cata- 
logue between 1918 and 1924. 

In recognition of her contributions to astronomy. Cannon 
received six honorary degrees, including one in 1 925 from Oxford. 
She was elected to the R AS in 1914. In 1932 she received the Ellen 
Richards Research Prize, awarded by the Association to Aid 
Scientific Research by Women. This latter included a cash award 
which Cannon gave to the American Astronomical Society (A AS) 
to establish a regular prize for (outstanding research by women 
astronomers, (The Cannon Award has been presented roughly 
every three years since 1934: since 1974 the Award has been made 
by the American Association of University Women with advice 
from the AAS.) Cannon regularly attended meetings of the AAS, 
serving as the Society's Treasurer for several years in the 19i0s 
and as Councilor in the late 1930s. 

Despite the value of her spectral classifications and the notice 
her work garnered elsewhere. Cannon received no official recog- 
nition from Harvard for decades. As early as 1911 a visiting 
committee report concluded that "It is an anomaly that, though she 
is recognized the world over as the greatest living expert in this line 



4. Ii is a retlection of the niostl> male niake-un ofasironoiin faculties that the 
nmenionic with which most students remembered these spectral types for decades 
was "Oh. Be A Fine Girl. Kiss Me.** Today students can substitute "Gu\*' for 
"Girl," or. better yci. as urged by Owen Gingerich at Harvard, come up w ith new 
mnemonic"; such as "Oh Boy. An F Grade Kills Mel'* or "Oh Broihen Astronomeis 
Frequently Give Killer Midterms!" — Ed, 




Antonia C Maiivy ( I S66' 1952) developed her own system for eUi\.\if\'inii 
the spectra of stars while at the Harvard Collciie Ohservaroiy. Maury 
event uolly left Harvard because she was unable to ^et aloni* with Picker- 
inii, iC(mrtesy Harvard Collei^e OI)servaU)ryl 






MERCURY • January / February 1992 • page 1 1 











Urania^s Heritage 











tion required the additional time spent examining a comparison 
plate. Pickering, who was proud of the efficiency of his comput- 
ers, found this exasperating. Mauiy's classification of 681 stars 
was not ready for publication until 1897. Her classification 
scheme, with iis 22 Roman-numeral types subscripted with three 
sharpness classes, was awkward to use. Her realization that there 
existed multiple classes of stars with the same spectral type 
contributed, though, to Ejnar Hertzsprung's recognition of the ex- 
istence of the giant stars. He tried, in vain, to convince Pickering 
oftheimportanceof Maury'ssharpnesscriterion. In 1943the AAS 
awarded Maury the Cannon prize for her work. 

in addition to classification, Maury studied spectroscopic 
binaries — stars whose double nature is evident only through 
spectroscopic analysis, The first such double-lined star was 
discovered by Pickering and interpreted correctly, with Maury's 
help, as being due to two very close stars whose spectral lines shift 
as they orbit each other. Maury discovered the second-known 
spectroscopic binary, p Aurigae, and spent considerable time 
studying an extremely close pair, (J Lyrae. As Cecilia Payne- 
Gaposchkin noted, Maury had a fiair for identifying tough prob- 
lems! 

Perhaps the most brilliant of the early women astronomers at 
HCO was Henrietta Swan Leavitt, who came to the observatory as 
a volunteer in 1895. Leavitt, daughter of a Congregational minis- 
ter, graduated from Radcliffe (or The Society for the Collegiate 
Instruction of Women, as it was known then) in 1892. Her work 
was interrupted for several years by an illness that left her hearing 




Henrietta Sw an Iwavut i IS6S-I92 1 ) (liscovcred the relatinnship between 
the period of bri\ihtness variations in Cepheid variahle .stars and their 
intrin.sie averai^e hrif>htness. . (Courtesy Shapley Collection, Niels Bohr 
Library, American Institute (ff Physics) 




At a distance of about 160,000 light years, the Large Magellanic Cloud 
(LMC) is the nearest companion to our Milky Way Galaxy. Henrietta 
Leasfitt' s study of variable stars in theLM C confirmed her discovery of the 
Period' Lum inosity rela tion for Cepheid s, { Courtesy AS. P. A rchives } 



impaired. She returned to HCO on a permanent ba^is in 1902 at the 
age of 34. 

At HCO, Leavitt worked on a north polar sequence of stars to 
be used as standards for photographic photometry (the precise 
measurement of stellar brightnesses); her results were used ijntil 
the advent of photoelectric photometry in the 1940s. She also 
worked cataloging variable stars, identifying over 2000 to add to 
Harvard's collection. As with most things the computers did, this 
was a tedious process, involving overlaying two photographs 
taken at different times, one negative and one positive, and looking 
for stars whose images were different sizes on the two plates. 

It was in studying variables in the Magellanic Clouds that 
Leavitt made her greatest discovery. The Magellanic Clouds are 
small companion galaxies to the Milky Way, visible from the 
southern her:*»isphere; since they are at a great distance from us, 
about 1 60,000 light years, all the stars in, say, the Small Magellanic 
Cloud (SMC) are at roughly equal distances from us. (The 
example is often used that to a person in New York, all people in 
Los Angeles are roughly the same distance away.) Since the stars 
are all at the same distance, differences in observed stellar bright- 
ness must reflect intrinsic stellar differences. Leavitt found 25 of 
the variables called Cepheids (named for the prototype star of this 
type, 5 Cephei) in the SMC, with periods between about 2 and40 
days, and discovered that the brighter the star, the longer i s period 
of variability. Once the distance to the nearest Cepheids was 
found, this Period-Luminosity Relation, as it became known, 
meant that the intrinsic brightness of any Cepheid could be found 
from simple observations. From this relation and its apparent 
brightness, astronomers could then immediately *Vead off the 
distance to the star — something that was quite difficult to find for 
any but the nearest stars. 

The discovery o{ the Period-Luminosity Relation ultimately 
gave us (Hir first means of measuring extragalactic distances and 
was used to demonstrate conclusively that many of the "nebulae'' 
then known were actually galaxies in their own right. Leavitt, 
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Tlw penod ofvanahility of a Cephcid variable star is directly related to 
its averaf^e intrinsic hrii*l\tncss or luminosity. Today, we know tlia' there 
are actually two distinct types of Ceplwids: Ccpheids rich in heavier 
elements like calcium and magnesium (Type I) are inherently brighter 
than Ccpheids poor in heavier elements (Type II). (From William J. 
Kaufmann 's text Uni verse, Edition. (^1991 W. H. Freeman and Com- 
pany, used with permission) 



hov^ever, was not being paid to investigate the physical nature of 
variable stars nor to theorize about distances. The applications of 
her work were left to her male colleagues, while she returned to the 
drudgery of measuring plates. Unlike Maury, she does not seem 
to have complained about the work assigned to her. StilL it must 
have been frustrating, as Payne-Gaposchkin notes: *'It may have 
been a v/ise decision to assign the problems of photographic 
photometry to Miss Leavitt, the ablest of the many women who 
have played their part in the work of Harvard College Observatory. 
But it was also a harsh decision, which condemned a brilliant 
scientist to uncongenial work, and probably set back the study of 
variable stars for several decades.'* Leavitt's work did receive 
some attention: Professor Mittag-Leffler of the Swedish Academy 
of Sciences deemed her contributions to be of such value as to 
warrant nomination in 1925 for the Nobel Prize. Leavitt had 
unfortunately died four years previously, although only 51. 

CecHia Payne-Gaposchkin 

When Cecilia Payne came to HCO in 1923, she inherited 
Henrietta Leavitt's desk. Over the next fifty years, Payne played 
a significant role not only in the burgeoning field of astrophysics 
but also in widening the opportunities available to women in 
astronomy. 

Payne was bom in England in 1900. She attended Newnham 
College, Cambridge, where she became interested in astronomy 



after hearin.i? lectures by Sir Arthur Eddington. She graduated in 
1923 and came to the U.S., seeking better prospects for advanced 
study and employment than were available to women in England. 
The new director of HCO, Harlow Shapley, was establishing a 
graduate program in astronomy and had no difficulty with women 
students. Payne was offered one of the Pickering Fellowships 
(established for women students). In 1925 her Ph.D. dissertation, 
entitled "Stellar Atmospheres", was published by the observatory. 
Her degree (awarded by Radcliffe rather than Harvard due to her 
sex) was the first astronomy doctorate earned at Harvard; it has 
been called, by the notable astronomer Otto Struve (as late as 
1960!), '^undoubtedly the most brilliant Ph.D. thesis ever v/ritten 
in astronomy". 

For her dissertation, Payne took stellar spectra from the 
Harvard photographic collection and combined measurements of 
spectral lines with theoretical predictions of how temperature and 
ionization state in a star's atmosphere should affect the strength of 
the line (predictions published in 1920-1921 by Meghnad Saha)to 
obtain a temperature scale for Cannon's spectral types, Payne also 
determined that stars, contrai7 to current belief, were mostly 
composed of hydrogen and helium. In discussions with Henry 
Noiris Russell, at Princeton, Payne became convinced that this was 
impossible and did not publish herconclusion; sadly, she received 
no credit for this discovery several years laier when Russell 
reached, and published, the same conclusion. 




Cecilia Payne-Gaposhkin (1900 - 1979). (Courtesy A.S.P. Archives) 
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Following her degree, Payne worked for HCO; this meant 
constraints since the subjects of her research were expected to cor- 
respond to the goals of the observatory, which did not have the 
advanced spectroscopic equipment Payne would ha\e needed to 
pursue her dissertation work. The bulk of her scientific life was 
spent on the study of stellar magnitudes and distances, and. 
following her marriage in 1934 to Russian emigre astronomer 
Sergei Gaposchkin, on variable stars. Together, she and Sergei 
determined light curves for about 2()()() variable stars down to 1 0th 
magnitude. 

Payne-Gaposchkin was one of the first women to try to blend 
research and family, "While marriage w as deemed an asset in male 



candidates for teaching and obser\'atory positions, it was a detri- 
ment for w jmen. Female coinputers and professors were expected 
to resign their posts if they married, the better to assist their 
husbands". Payne-Gaposchkin kept her position. (Payne- 
Gaposchkin further offended tradition by delivering a paper when 
five months pregnant with her first child: such behavior in the 

5. Pcgg\ Kiduell, in Uneasy Careers and huhnafe Lives: Wanwn in Science 1 7H9 
- /y7y, Hd. Phina G. Abrir-Am and Dorinda Ouiram. Ruigers U. Press. — Ed. 






E. Margaret Hurhidgc has played a 
major role in research that show ed 
that heavy elements are constantly 
huilt up from lighter ones w ithin 
stars. She al.so has d(me important 
w\)rk on the rotation ofgdlaxies. 
w hich led to .some of the first 
estimates of the masses of gala.xies. 
and on cptasars. From 1 972 to 1 973 
she .serx ed as head of the Royal 
Greenw ich Observatory, the first 
woman director in its 30()-year 
history. She is currently a professor 
at the University of California at 
San Diego. (Courtesy University of 
California at San Diego) 



Charlotte Moore Sitterly, w inner of the 
A.S.P. 's Bruce Medal in 1990, the year of her 
death, is best know n for her w ork on atomic 
energy levels (see Mercury. Nov/ Dec 1990, p. 
I 79 k ( Courtesy Na tiona I Institu tcs fo r Stan - 
dards and Technology) 




Sidney Wolff is 
currently Director of 
the National Optical 
Astronomy 
Ohsen'atories. which 
includes Kitt Peak 
National 

Obsenatory (in the 
background). Wolff 
is well known for her 
research on stellar 
spectroscopy and 
stellar atmospheres, 
with an emphasis on 
A- type stars. 
(Courtesy National 
Optical Astronomy 
Obsenvtories} 



ERIC 





MERCURY • January / February 1992 • page 14 









future was vehemently vetoed by her boss, Harlow Shapley !) 

Payne-Gaposchkin was by and large, as with the women 
before her, rec gnized but not adequately rewarded for her work. 
She was elected to the RAS before she graduated from Cambridge, 
won the (first) Cannon prize in 1934, was elected to the American 
Philosophical Society in 1 936 and the American Academy of Arts 
and Sciences in 1943, and was awarded the AAS Henry Norris 
Russell prize for a lifetime of eminent astronomical research 
(although this recognition came only in 1976). Despite being one 
of the most accomplished astronomers of her time, Payne-Gapos- 
chkin was never elected to the National Academy of Sciences 
(NAS), did not receive the A.S.P.'s Bruce Medal, was turned down 
for numerous possible appointments, and did not receive any 
official recognition from Harvard for decades. As she noted in 
1930: received absolutely no recognition, either official or 
private, from Harvard University or Radcliffe College: I cannot 
appear in the catalogues; I do give lectures, but they are net 
announced in the catalogue, and I am paid for (1 believe) as 
^equipment'; certainly 1 have no official position such as instruc- 
tor.'' In 1956, at the age of 56, Payne-Gaposchkin was appointed 
full professor and madechairof Harvard's astronomy department, 
the first woman to hold such a position not specifically designated 
for a woman. The appointment prompted the rather large Payne- 
Gaposchkin to note that she found herself in "the -jnlik^ly position 
of a thin wedge". 

Conclusion 

The "wedges" have had some effect, albeit slowly. The 
American Astronomical Society (AAS) saw its first woman Vice 
President, Charlotte Moore Sitterly in 1958. E. Margaret Burbidge 
(who has participated in fundamental work on stellar nucleosyn- 
thesis, galaxy dynamics, and quasars) served as AAS President 
from 1976-78, and became the first woman to receive the Bruce 
Medal in 1982. Sidney C. Wolff (stellar activity and composition), 
currently head of the National Optical Astronomical Observato- 
ries, has recently been elected and will take office as the AAS's 
second woman president in 1 992; she served as A.S.P. President in 
1985 and 1986. Graduate programs do not, at least overtly, 
discriminate against women (although Princeton University, a bit 



Katherine 
Kron senrd as 
editor of the 
Publications of 
the A.S.P. 
from 1 96 1 to 
1967. the first 
woman to hold 
the editorship 
of a major 
astronomical 
journal. 
(Photo by A, 
Fraknoi) 





Authors Andrea Dobson 
(left) and Katherine 
Bracher (ri}*ht) with 
Whitman Colle}»e\s 
l876Alvan Clark 
refracting telescope. 
Bracher' s research 
interests ran^e from the 
history of the A,S.P, to 
records of ancient 
eclipses found in Greek 
sources and archaeoas- 
tronomy. Dobson stud- 
ies magnetic (u tivity in 
stars similar to the Sun, 



of a holdout, did not admit women to its graduate astronomy 
program until 1975). Colleges are less likely to deny women 
faculty timely promotion and tenure than in Payne-Gaposchkin's 
day. Observatories no longerobject to women observers, although 
some did well into the 1960s (the living quarters on Mt. Wilson 
were dubbed 'The Monastery''; since there were no women's 
restrooms, women obviously could not be allowed to come to the 
mountain to observe!). Several women astronomers have been 
elected to the National Academy of Sciences (NAS), including 
Burbidge in 1978 and Vera Rubin (at the forefront of the quest for 
"dark matter") in 198 1 . The list of prominent women astronomers 
is cenainly longer than it was in 1950, when among a total 
comir.imity of about 300 there were about 50 women astronomers 
with Ph.D.s from U.S. institutions. 

Still . . . The 1 1 female charter members of the AAS consti- 
tuted about 1 0 percent of the society; that percentage, having risen 
somewhat and fallen somewhat over the years, stands now at about 
1 1 percent, although the total number of women members is, of 
course, larger. Similarly ercentage of astronomy doctorates 
awarded to women each yt. . i the U.S. peaked at about 25 percent 
in the 1 92()s (and was about as high during WWII ) and then fell to 
about 10 percent in the late 40s. Women professors still are paid, 
on average, about 93 percent of what their male peers receive. The 
1 976 Smithsonian exhibit on American astronomy not only didn't 
include Maria Mitchell, it didn't include any women. 

Women's attitudes toward themselves have certainly changed 
over the past two centuries. Caroline Herschel wrote that "I did 
nothing for my brother but what a well-trained puppy dog would 
have done: that is to say. 1 did what he commanded me. I was a 
mere tool which he had the trouble of sharpening". Maria Mitchell, 
in defense of women in astronomy, wrote that "|o]bservations of 
this kind are peculiarly adapted to women . . . The eye that directs 
a needle in the delicate meshes of embroidery will equally well 
bisect a star with the spider web of the micrometer.'* Cecilia Payne- 
Gaposchkin, more on "offense", frequently advised young women 
contemplating a career in astronomy, "Do not undertake a scien- 
tific career in quest of fame or money . . . Undertake it only if 
nothing else will satisfy you, for nothing else is probably what you 
will receive". A significant number of young women seem to be 
taking that challenge: more than 20 percent of the AAS members 
under 30 are female. ■ 
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My Career 



i^oon after graduating from Radcliffe 
College, I got two job offers. One was at 
Harvard College Observatory (HCO) to 
search on existing Harvard photographs for 
variable stars and analyze their light 
curves. The remuneration was to be 40 
cents an hour, amounting to about $70 a 
month, at a time when my rent was S40 a 
month. The other was an assistantship to a 
statistician at another col lege, paying about 
$150 a month. Doing astronomy was well 
worth the difference! Within a year of my 
appointment at HCO there came the Great 
Depression of October 1929, Since the Ob- 
servatory's Director Harlow Shapley was 
able to hire two women for the price of one 
man, we women kept our jobs, while some 
men were left stranded. It is not often in 
professional life that it has been a blessing 
to be an under-paid woman. 

Besides working full time I carried on 
graduate studies at the slow rate of a course 
a year until 1 acquired an M,A, That was the 
highest degree for which I felt qualified. 
After that I spent evenings happily in the 
Harvard Observatory plate stacks doing 
what I pleased, otherthan my day-time job. 
Thus I made a pioneering study of the light 
curves of the meteor trails that had been 
acquired by pure chance on Harvard photo- 
graphic plates. 1 wrote a paper on this 
which Shapley asked meteor expert Ernst 
Opik to referee. His response being favor- 
able, Shapley submitted the paper to the 
Proceeding's of the National Academy of 
Sciences where it was published. This is 
probably what inspired Shapley to encour- 
age me to continue graduate studies. When 
I indicated some misgivings about passing 



Dorrit Hoffleit 

Yale University 



Dorrit Hoffleit, 
Director of the 
Maria Mitchell 
Ohservaton , in 
7975, (Photo by 
Rick Steadry, 
courtesy Dorrii 
Hoffleit) 




examinations, Bart .1, Bok admonished me, 
"Dorrit! When 'God' recommends that you 
do something, it is youv duty to do it!" This 
became the happiest era of my life. 

At Harvard, Shapley frequently sug- 
gested projects: but I rarely felt that he 
ordered compliance except on rare occa- 
sions when he was in a hurry for results to 
be presented at upcoining meetings. Thus 
1 felt complete independence (not dupli- 
cated in my later employment at Yale), If 
Shapley could have remained director for- 
ever, I should not have left Harvard: for I 
would probably have carried out independ- 
ent research of perhaps mediocre caliber, 
making use of the famous plate collection 
from which so much remained to be discov- 
ered and explored. Nowhere in the world 
was there a collection of half a million 
plates covering the sky from pole to pole 
startingformany purposes as early as 1882, 
I worked on meteors, variable stars, and 
spectral classification — especially for the 
determination of absolute magnitudes (the 
intrinsic, as contrasted with the apparent, 
luminosities of the stars). 

Shortly before he reached mandatory 
retirement age, Shapley asked me to 
sample plates in the various series, select- 
ing a pile of those I felt could safely be 
discarded, another of ones I thought might 
be controversial, and some of the poorer 
plates I thought sh'^uld nevertheless be 
kept. When I finished, he would check my 
selections and draw his own conclusion, 
namely that the number of plates suffi- 



ciently poor to justify discarding was so 
small it would be a waste of time to search 
for ihem. Throw them away if you happen 
lO come across any, he told me, and then be 
sure to make an appropriate note in the rec- 
ord books and card catalogs so that no one 
would subsequently search for them in vain. 

But the new Director had other plans. 
His own work made comparatively little use 
of the plate collection, whereas office space 
seemed to be at a premium. He ordered his 
executive secretary, who had little if any 
experience in astronomy, to throw away the 
poorer plates to the extent of removing 
about a third of the collection, clearing the 
equivalent of one of the three floors of the 
plate vault. Moreover, this was being done 
in such a hurry that no records were kept of 
what was discarded- This vvholesale de- 
struction was driving me crazy. Finally 1 
wrote the Dean what I thought- After that 
life naturally became intolerable and al- 
though I had tenure at Harvard, I resigned 
(nor was I the only one to do so). 

At this time the Director of the Maria 
Mitchell Observatory in Nantucket was 
about to retire and I was offered her position. 
Howe\ cr, the Maria Mitchell Association,of 
which the Observatory was a part, was in 
financial straits and could afford only a half- 
time Director and no assistants. Dr. Dirk 
Brouwer. Director of the Yale Observatory, 
was the Chairman of the search committee 
to select the new Observatory Director. He 
offered me a half-yearly appointment at 
Yale to take charge of the zone catalog work 
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from which Miss Ida Barney was also about 
to retire after having completed as author or 
co-author some 20 volumes of stellar 
proper motions, mainly under the direction 
of the pioneer, Frank Schlesinger. This 
work, dealing with the proper motions of 
the stars (the rale of change in their posi- 
tions on the sky), appealed to me because 
proper motions were important (among 
otherthings)forthe calibration of the spec- 
troscopic absolute magnitude criteria op. 
which I had been working at Harvard. 
There were never enough data for accurate 
calibrations! 

On Nantucket the equipment had been 
designed and erected in 1 9 1 2 especially for 
photographic investigations of variable 
stars. By the mid-1950s this equipment 
seemed somewhat outdated, modern de- 
vices being either faster or yielding higher 
accuracy. However, slowness has advan- 
tages for training purposes, and continuity 
of plate series is important in the study of 
variable stars. What better use for this 
equipment than the establishment of a 
summer research participation program on 
variable stars for women undergraduates? 
After all, the Observatory was a memorial 
to America's first woman astronomer. As 
an early advocate of women's rights she 
had remarked, "I believe in women more 



than I do in astronomy." 

For student housing at the Maria 
Mitchell Observatory we had available 
only one dormitory room, so that we could 
not very well be co-educational. Students 
— then as now — needed summer jobs, and 
I applied annually for funds wherever I 
could, first from the Office of Naval Re- 
search, then mainly from the National Sci- 
ence Foundation. Gradually we were able 
to expand, and in my last few years more 
living space became available so that we 
were able to employ boys as well as girls. 
This became important for retaining gov- 
ernment support, which now requires non- 
discrimination against men. In alL over a 
span of 22 years I had 100 girls in my 
summer program. Over 25 of them now 
have Ph.D. degrees and they have far sur- 
passed my own abilities and achievements. 
Seeing what they have accomplished is one 
of the greatest joys of my old age. And to 
think that if it were not for my traumatic 
departure from Harvard. I should not have 
experienced the pleasures of associating 
with these bright young people. 

At Yale, unlike HCO. I found little 
opportunity for independent research. Here 
it seemed women were expected to do only 
what they were told. Once Dr. Brouwer 
asked me to do something, but when I told 



him I had already done it on my own, I was 
reprimanded for "such independence!'' 
Miss Barney, whose final catalog I had 
helped her to complete, had asked me to 
write the introduction. When I included a 
paragraph on the statistics of the double 
stars it contained she crossed it out, saying, 
"Dr. Schlesinger did not include that, so 
why should you?" 

In addition to the zone catalog work, I 
was asked to up-date the Yale Catalog of 
Bright Stars. The first edition had been 
published in 1930; the second in 1940. 
With part-time assistants I prepared the 
third edition which came out in 1964, and 
with Carlos Jaschek the fourth in 1982, 
each of the last two containing a larger 
number of categories of data than its prede- 
cessor. A fifth version is now available on 
tape from Wayne Warren at Goddard. The 
time is not yet ripe for this to be made into 
a printed version. Warren and I have made 
nimierous corrections to the fourth edition 
and added new data as they have happened 
to come to our attention. However, v/e have 
not had time to make a systematic search of 
the literature and therefore have undoubt- 
edly overlooked much relevant new mate- 
rial. If we were to publish at this stage we 
would surely be swamped with criticism. 
However, as the additions and revisions we 
have already made amount to several thou- 
sand, we are happy to share the partially 
updated entries with those who need them. 



The birthplace of Maria Mitchell {rif^ht) and the Vestal Street 
site of the Maria Mitchell Observatory on Nantucket. (Photo by 
VV. Frederick Lucas, courtesy Maria Mitchell Association) 



Dorrit Hoffleit at the entrance to the Maria 
Mitch ^ll Observatory (Courtesy Dorrit 
Hoffl.nt) 



Henrietta Hiil Swope: Variable stars iii the Milky Way and Andromeda 



In the early 1950s Henrietta Swope studied the variable stars 
on Palomar photographic plates to establish a new distance to the 
Andromeda **Nebula ' of 2.2 million light years. The irony of the 
story is that she almost pursued a career i n business. Her course in 
astronomy at Barnard College did not inspire 
her to continue in science. So in 1925 she 
entered the graduate School of Commerce and 
Administration at the University of Chicago. 
In a letter to her brother she confided, "I Teel 
quite out of place and behave like a wee mouse 
among many fierce cats." 

At that time she al. >rresponded with 
Margaret Harwood, the ui rector of the Maria 
Mitchell Observatory. As a friend of the 
family, Harwood knew of Swope' s childhood 
love of the stars. So she persuaded Swope to 
take advantage of the opportunities for women 
at Harvard College Observatory. It was 
fortuitous. In the words of Cecilia Payne- 
Gaposchkin:"Henrietta Swope. ..evinced an 




extraordinary flair for discovering variable stars.. .in [her] capable 
hands.. .the Harvard programs on variable stars in the Milky Way 
were bearing fruit in enormous quantities." The results that Swope 
published in the Harvard Annals caught the eye of Walter Baade at 
Palomar when he began to photograph the 
variables in the Andromeda Nebula. He needed 
a collaborator to study all the plates and 
Henrietta Swope was a prime candidate. Her 
work put a more precise value on the distance 
to our neighboring galaxy than Baade' s rough 
estimate. For her results the AAS awarded her 
the Annie Jump Cannon Prize in 1968; Basel 
University conferred on her a Doctorate 
honoris causa in 1975; and her alma mater, 
Barnard College, awarded her its 
Distinguished Alumna Award in 1975 and its 
Medal of Distinction in 1980. 



Pfioto courtesy Mt. Wilson Obs. 



Barbara L, Welther 
Smithsonian Astrophysical Observatory 



One chore that 1 did not enjoy was 
supervising a tremendous amount of key- 
punching and verifying of some 75 miscel- 
laneous astrometric and other catalogs only 
a few of which had relevance to either the 
southern zone catalogs then in progress or 
to the Bright Star Catalog. In 1961 
Brouwer had signed a contract with the 
U, S. Naval Observatory for putting numer- 
ouscatalogs on punchcards, one institution 
doing the punching, the other the verifying, 
and 1 was to supervise the Yale half of this 
massive undertaking, involving well over a 
million cards. (The project was described 
in the Astronomical Journal, volume 72, 



page 586, in 1967,) For someone on half 
time only, with a figurative whip almost 
constantly held over her to produce cata- 
logs faster and faster, this was an unwel- 
come burden. Amazingly, when at last the 
assigned catalogs were completed, consid- 
erable funds still remained on the contract. 
After Brouwer and 1 seemed to have ex- 
hausted all the materials for which he con- 
ceived a potential use, I suggested the 
Henry- Draper Catalog (the HD), a ten 
volume catalog of the spectral classes of 
some quarter million stars. At first, 
Brouwer objected as he had no need for the 
HD in his own celestial mechanics applica- 



A summer intern 
uses the 
telescope at the 
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Ohser\'atory, 
Nantucket. 
(Photo by W. 
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tions. I, on the other hand, found frequent 
use for it; so finally he reluctantly agreed 
rather than forfeit the remaining contract 
funds. This turned out ic be immensely 
fortunate, as the tapes made from the IBM 
cards certainly expedited Nancy Houk's 
identification of the HD stars when at the 
University of Michigan she undertook her 
important reclassification of those stars on 
the more modem MK system. The HD 
classes were correlated only with stellar 
temperature (the familiar OB AFGKMS se- 
ries); the MK with both temperature and in- 
trinsic luminosity, (Nancy Houk, inciden- 
tally, had been one of my student research 
participants on Nantucket in 1962.) 



Among the joys of retirement has been 
the fact that I have been permitted to keep 
my office at Yale and am privileged to say 
yes or no to any of the numerous requests 
for miscellaneous information that come 
my way. As it gives one a good feeling to 
be considered knowledgeable on usually 
obscure facts, I have hardly ever learned to 
say no, and spend many hours, even weeks 
and occasionally months, delving into his- 
toric or observational records in order to 
answer the requests. Now, for the past 
decade or more at Yale, I have become as 
happy and independent as I had been in my 
youth at Harvard. ■ 
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One Woman's 
Journey 



Ann Merchant BoesyaanI, havinfi 
just received her Ph.D.. in front of 
the 120-inch telescope dome at Lick 
Observatory (above) and ( below i 
during graduate school in 1 

(Courtesy Ann Boesgaard) 



j^cience was my favorite subject (after 
gym class) when I was in grade school. I fo- 
cusedon this quite early .learning the multi- 
plication tables in kindergarten, and the 
planets and some constellations in second 
grade. The weekly science program on FM 
radio, with all its extracurricular activities, 
was the highlight of fifth, sixth, and seventh 
grades for me. In high school I found math 
to be the most fun and by my senior year in 
physics class I realized that I could fold my 
enjoyment of astronomy, physics, and 
math into one by pursuing a career in as- 
tronomy. 

College Years 

My high school physics teacher main- 
tained that at co-ed colleges the male sci- 
ence students would get all the special 
attention and special opportunities that 
arose. In the late *50s men were typically 
the sole breadwinners in the household: the 
social attitude that prevailed was that train- 
ing them was higher priority than training 
women. Since I knew I was going to have a 



career and wanted to he well-trained. ! 
happily went to Mount Holyoke College 
(all women ) which had an excellent reputa- 
tion in science. My determination to pursue 
a career may have been subtly influenced 
by my home life: my older sisterand I lived 
with our divorced mother, our widowed 
grandmother, and our single great aunt — 
all women role models who were inde- 
pendent (although not necessarily by 
choice). 

The Holyoke years increased my inter- 
est in astronomy, physics, and math and I 
basically took a triple major in these sub- 
jects. We had distribution requirements to 
fill and I had wonderful timesinclasseslike 
music, psychology, philosophy, and Eng- 
lish composition. But there were the inevi- 
table difficult social situations. One I recall 
was square dancing at a social mixer when 
my partner for the set asked me what my 
major was: upon learning that it was astro- 
physics, he walked off the dance floor. 



Ann Merchant 
Boesgaard 

University 
of Hawaii 



Editor's note: Ann Boesgaard was 
the first woman to be elected Presi- 
dent of the Astronomical Society of 
the Pacific, in 1976. An astronomer 
at the Uni\ersity of Hawaii, she is 
also the winner of the 1990 Muhl- 
manii Pri/.e for her research on light 
elements and the evolution of stars. 
As we prepared this special issue on 
"Women in Asirononis we asked 
Dr, Boesgaard to reminisce about her 
life and career in astronomy and she 
very kiiully v rote the following ar- 
ticle for Mercury readers. 



lca\ ing seven of us to improvise. 

In that era v\e had v\eekda\ curfews at 
! 1:00 p.m. and could not go out before 6 
a.m. This interfered with some astronomi- 
cal events, tif course. Such a fuss to get 
special permission from the Dean to ob- 
serve a lunar eel ipse in the wee hours I And 
I have to admit to sneaking out of the dorm 
at a.m. in dark clothes to use the telescope 
for some other event: fortunately the cam- 
pus security did not notice, or chose to 
ignore, the open dome at the tibservatory. 
One fall 1 was pulling together a transistor 
radio, using a soldering iron in my dorm 
room. My roommate's academic advisor 
was in complete distress that 1 was operat- 
ing a "bUnv-torch" in our room. But aside 
from a few strange incidents like these. 
eclucati(Mi there was a wonderful adven- 
ture. 
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Graduate Training 



Then came the question of where to go 
to graduate school. My dream was to go to 
California where the big telescopes were. 
Caltech was not a place for women — on ly 
one had been admitted in astronomy by 
thenjn 1958, But the University of Califor- 
nia at Berkeley had a good history of 
women gradi te students in astronomy 
(although not on the faculty then) and that 
was where I chose to go. There were typi- 
cally three to five women astronomy stu- 
dents enrolled at Berkeley at any given 
time, (Thus, my classes went from \Q07c 
women in my first two years of college, to 
509^ women in astronomy classes in the 
last two years, then to \09c women in 
graduate school.) We had a ^H)od camara- 
derie as graduate students; I recall no o\'crt 
gender bias and we had no special women's 
activities or suppoii. 

My undergraduate advisors predicted I 
would not get to use the big California 
telescopes even if I were bra\'e enough to 
go so far away. Not true. As a second year 
graduate student I was an obser\'ing assis- 
tant for George Wallerstein (now at the 
University of Washington) on the 1 2()-inch 
telescope at Lick Observ atory, I kept leav- 
ing the coude room' down below to gv) to 
the observing floor to admire the big silent 
machine. 1 did my Ph.D. thesis observa- 
tions with George Herbig on the 1 20-inch, 
spending close to 30 nights there. Problems 
in understanding the abundances of the 
elements lithium and beryllium in the stars 
and w hat we can learn from ihem were the 
subjects of most of those observations, and 
these problems still occupy me today. 

Lithium and Beryllium Studies 

The light elements. lithium and beryl- 
lium, provide clues to a number of astro- 
nomical problems. Unlike the otherchemi- 
cal elements, they are easily destroyed by 
nuclear fusion reactions inside of stars. 
Anyplace in a star where the temperature is 
above about two million degrees, lithium 
and a proton u ill fuse to create two helium 
atoms. For the Sun. that temperature 
boundary includes the inner 97.5 of the 
solar mass! 

Now, when we look at spectra of stars, 
we observe only the \ ery outer layers, and 
in these cooler regions you might expect 



that lithium and beryllium have been un- 
touched. But this is only true if the outer 
material doesn't ever mix with the material 
further down. In fact, stars often find ways 
to mix different layers; primary among 
them is the process of convection, through 
which hotter material tends to rise and 
cooler material will sink. In the outer layers 
of stars like the Sun (a category called low- 
mass dwarf stars), mixing transports lith- 
ium and ber>'llium to lower (hotter) regions 
where it can be destroyed. So the amounts 
of lithium and beryllium thai a star shows 
on its surface tells us how effective the 
mixing is and how deep into the star it 
penetrates. If it penetrates to regions of 2 
million degrees it will destroy lithium, but 
it must go lo over 3 million to destroy 
beryllium. Thus nature provides a way for 
us to probe the otherwise invisible interior 
of a star. The Sun itself is an interesting 
example of this process: it now has only 19r 
of its original lithium left, but all of its 
original bery llium, indicating that material 
has not reached the depth where the tem- 
perature is as much as 3 million degrees. 

Because they are so easily destroyed, 
lithium and beryllium cannot have been 
made inside stars, where it is so hot; another 
origin for them must be ""invented,"" One 
solution is what are called spallation reac- 
tions, which occur when energetic cosmic 
rays ( high energy particles ) bombard atoms 
of abundant elements like carbon, nitrogen, 
and oxygen. So instead of being built up by 
fusion like other elements, lithium and 
beryllium are made when the heavierC, N, 
and O atoms are broken into pieces. One 
interesting consequence of this is that we 
can gain information about the chemical 
evolution of our Galaxy by looking at the 
buildup of beryllium over time. 

Another way lithium can be produced 
is under conditions that ore far denser and 
hotter than the stars — conditions that 
prevailed during the first 15 minutes of the 
universe after the Big Bang, It is one of the 
elements synthesized in that earliest epoch 
of time. If we can find lithium now whose 
abundance has not been changed signifi- 
cantly by processing in stars (what we call 
primordial lithium), its relative abundance 
(compared to other primordial elements) 
can help us to understand some of the 
details of the earliest evolution of the uni- 
verse. 

When we look at later staues in the 
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A rear vicsv of the Kuptcyn Cottage on Mount WH.son {Bocsmuird is in tlic forc^ound). Women who 
wanted to use the !elr\rojh'\ ihere were oriiiinally fom^d to .stay in this small, unheated cottai^e with 
no hot water, whih' men stayed in a heated donnitofy. This photo was taken in spriiif* 1 (Courtesy 
Ann Boesfiaard) 



evolution of stars — stages our Sun has not 
yet reached — we can also learn important 
details from studying liiiiiujTi. As stars 
evolve into giants, their internal structure 
changes and, as a result, the surface lithium 
is redistributed through the star. So lithium 
again provides a probe for us of the internal 
restructuring that takes place. I did my 
Ph.D. thesis research on the amount of 
lithium in cool, evolved giant and super- 
giant stars (of the type astroPv mers denote 
by the letter M). It turned out that except for 
a handful of stars, they actually had signifi- 
cantly less lithium than they would ha\'e 
showed when they were dwarf stars. Mix- 
ing of the former stellar surface had gone 
very deep into the giant. The handful of 
stars rich in lithium may be yet another 
source of lithium for the universe, by the 
way.- 

Becoming a Post-Doc 

After finishing my Ph.D. in 1966, I 
was impressed to find myself listed in 
American Men of Science. (It was only 
renamed American Men and Women of 
Science in 1971.) During graduate school 
1 was irrepressibly single, having the 
(wrong) notion that marriage meant darn- 
ing socks (yuk!). cooking (gasp!), and 
washing dishes (ickl). But four days after 
my final Ph.D. oral exam. I married Hans 



2. For more on Dr. Bocsgaard's research, see the 
article on her Muhlmann Pri/c in the Nov/Dcc 1990 
issue of Mercury (pp. 1 82- 1 85 ). — Ed. 



Boesgaard, and started to try to catch up 
with his culinary wizardry. (Worn socks, it 
turned out. were tossed, not darned as in my 
grandmother's era.) 

I had applied for a prestigious Carne- 
gie Fellowship to go to the Mount Wilson 
and Palomar Observatories as a post-doc. 
Margaret Burbidge reports in Science 
Mdi^azine, (volume 252. p. 1604. 1991) 
that when she applied in the late I94()s she 
got an angry letter back. "He thought I 
should have known that women aren't al- 
lowed." By 1966. when I applied, they were 
somewhat more "open/' but upon learning 
that I was getting married, they thought that 
that meant I was no longer interested. 

However. Jesse Greenstein did not 
have those reservations and hired me as a 



The University of 
Hawaii 's HS-inrh 
telescope under 
constructum atop 
the cinder cones 
at the summit of 
the dormant 
volcano Mamui 
Kea. Lake Waiau 
is in the 
forei^round, 
(Photo by A,^atin 
T Abbott. 
University of 
Hawaii) 



post-doc at Caltech. And from (heie I could 
have access to the Mount Wilson tele- 
scopes (\ suppose to the consternation of 
MMiieofcheCaniegiefolks). Like Margaret 
Burbidge. who eventually was able to ob- 
serve at Mt. Wilson under her husband's 
allocation of time (which many astrono- 
mers found humorous because he is a theo- 
rist). I too stayed in an unhealed cottage 
with no hot water. The men ."-layed in a 
heated "monastery" with warm shower^. 
But unlike Margaret. I was allowed to take 
my meals in the monastery — times had 
changed. I did //f^H'ind it a heady experience 
to be the first woman to follow the tradition 
of sitii.ig at die head ot the table because I 
was observing at the largest telescope, the 
lOO-inch (with the 60- inch observer to my 
right and the solar observer to my left), and 
ring the dinner bell for the "maids" to bring 
the next course. And I was not the least 
thrilled to have to make a fire in the pot- 
bellied stove in the cottage after observing 
those long, cold winter nights. Washing my 
face i.n the cold water in the kitchen sink 
was not so great either, and who had time to 
make hot water in the kettle? 

But 1 loved observing with that vener- 
able telescope, so quiet and peaceful, with 
the strainsof American Airlines "Music 'til 
Dawn" coming o\er the radio. And I was 
delighted '.o have the opportunity to collect 
so much lata and to learn so much about 
stellar spectroscopy in those times. I meas- 
ured the relative amounts of the three 
magnesium (Mg) isotopes in stars then 
from a study of the molecular MgH bands 
in K-type dwarfs and giants. My post-doc- 
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torn! year was capped by i: trip to the Inter- 
national /Xstrononiical Union GtMieral As- 
sembly in Prague in 1967 where 1 was 
invited to present a paper on herylliuni in 
stars at a joint discussion. 

Findini^ a Position 

During that first year we had a coni- 
nuiter marriage, before the term was in- 
vented. My husband was at the University 
of Hawaii ( U H ) while 1 wasat C^iltech. Thai 
introduced us to huge telephone bills, lots 
of long airplane trips (in the days before 
nequent-flyer niiicagc programs), and the 
discontinuities of two apartments, two re- 
frigerators, two closets — never quite 
remembering which clothing or food was 
where. Hans* business — making the UH 
88-inch telescope for the U.OOO-foot peak 
of an extinct volcano on the big island — 
brought him to Southern California often, 
and 1 learned to put my research in a brief- 
case and work at an office at UH that John 
Jefferies was kind enough to provide. So 
we managed to be together almost 75rf ot 
the time and I benefited Irom interacting 
with two sets of colleagues. 

Then I was offeivd a position as an 
Assistant Professor at the University of 
Hawaii, which I accepted with alacrity. The 
9-iiionth salary for that position is embla- 
zoned on my memory: $8868. It was an 
exciting and challenging time; we were 
building up a new graduate program and a 
new observatory in what we knew to be the 
best place on the planet for an observatory. 
Clearly, our early prejudice has been vali- 
dated by the many telescopes from all over 



the world that now exist and are planned for 
Mauna Kea, 

The 88-inch telescope was dedicated 
in 1969, but we had made some observa- 
tions before that. 1 took the first spectro- 
grani with the coude spectrograph of Alpha 
Cenlauri. the nearest star to the Sun, which 
at a declination of 60 degrees is definitely a 
southern hemisphere object. Mauna Kea is 
at a latitude of -f-20 degrees and an altitude 
of !4.()()() feet, and therefore has a huge 
reach across the sky and very deep into it. A 
short paper on the age of Alpha Cenlauri 
resulted from these first observations. 
There was some thought that because the 
star's companion Proxima Ccntauri was a 
tlare star, that the whole system must be 
quite young. Since Alpha Centauri is the 
same temperature and luminosity as the 
Sun, one way to test this idea was to com- 
pare it to the Sun in a number of other 
properties that are thought to be related to a 
star's age. Wendy Hagen and I studied the 
amount of lithium, the rate of rotation, and 
the degree of activity caused by magnetic 
fields and deiermincd that Alpha Centauri 
was at least as old as the Sun,^ 

The Growth of Hawaiian Astronomy 

As our graduate program in Hawaii 
was growing, so was the colleciing area of 
the telescopes on Mauna Kea. The French 
were the first to recogni/e that we had 
developed a fantastic site for astronomical 



3. Kor more on llic Alpha Cenlauri sssicni. sec the 
iuliclc hy I). Sodcrhlom in ihc Scp/Oci h)K7 issue of 
Xfcnurv. /:V/. 



The dedk-otion of 
the Canada- 
France- Hawaii 
Telescope on 
Septanher 28. 
1979. Also atop 
Mauna Kea, the 
telescope has a 
minor 3.6 meters 
across. {Photo by 
Dale P. 
Cruikshank) 



use. They weie able to persuade the Cana- 
dians to join them in what became the 3.6- 
metei" Canada- France- Hawaii telescope 
(CFHT). At a memorable dedication cere- 
.nony in 1979, the anthems of Canada, 
France, the U.S.A., and Hawaii reverber- 
ated through the dome. Although our first 
observations were with photographic 
plates, these were soon replaced by elec- 
tronic detectors. Pioneering work on image 
quality at CFHT brought the median image 
si/e from 2 seconds of arc in 1980 to I 
second in 1984 to the present 0.75 seconds, 
with occasional nights of 0.3 to 0,5:*^ \\ is 
this telescope that I have been privileged to 
use for most of my scientific work. Two in- 
frared telescopes were also built on Mauna 
Kea. one a 3.0-meter by NASA, the other a 
3.8-meter by the United Kingdom. These 
too were dedicated in 1 979, They have been 
joined by two sub-niillimcter wave tele- 
scopes: a 15-meter dish operated by the 
United Kingdom, the Netherlands, and 
Canada, and a 10-meter dish built by 
Caltech, 

One entertaining project was a study of 
the star astronomers call Alpha Orionis, 
known by most people as Betelgeuse, one 
of the brightest and reddest stars in the sky, 
I chose to observe it at ultraviolet wave- 
lengths where it is quite faint; I wanted to 
study the emission lines of ionized iron to 
learn about the outermost regions of this 
distended supergiant. Taking long expo- 
sures on this very bright star seemed a 
bizarre thing to do, but not as bizarre as the 
motions that were revealed by the structure 
of those emission lines. There was evi- 
dence for infalling material as well as an 
expanding envelope around the famous red 
giant! 1 spent part of a sabbatical leave in 
Paris puzzling out this structure with the 
help of Christian Magnan. And later while 
my husband was in Italy working on the 
NASA Infrared Telescope, 1 speni time at 
the Nice Observatory stili puzzling over 
this strange mix. The two months there 
were enhanced by rendezvous every week- 
end with my husband in romantic places 
like Florence, Cannes, Rome, and Venice, 

continued on pa^e 37 



4. A second of arc is one-sixtieth of one-sixtieth of a 
degree on the sky. Put in practical terms, it is the si/e 
that a U.S. dime would appear when seen frotn two 
miles awav! — Ed. 
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Prepare Yourself for A Great Acfventure... 

UNIVERSE 



THIRD EDITION 



William J. Kaufmann ID 

1991 / 661 pages / 710 illustrations / 2094-9 / $44.95 

"This book is in its Third Edition, 
and has unquestionably got it right. Wherever you 
look you cannot fail to be impressed. Kaufman has 
done an enormous service to the subject" 
— New Scientist 

An Astronomy Book of the Hit^hest Magnitude! 

Over 100,000 students have experienced the fundamentals of astronomy by journeying through 
William Kaufmann's UNIVERSE. Now the new Third Edition of this classroom favorite takes its place 
as the leading comprehensive introductiort to this dynamic field, combining: 



Unmatched Currency... 

with its coverage of the 
Hubble Space Tele- 
scofDe, the Neptune 
fly by, SN 1987A and 
many other topics 



Captivating Style... 

seen in Kaufmann's 
famous facility fo\ 
lively communica- 
tion of scientific 
information 



Striking Viiiuals... 

offer breathtaking, 
full-color photo- 
graphs, expressive 
drawings, and an 
elegant design 



Excellent Supplements.. 

evident in a complete 
array of supfX)rting 
materials, including 

slides from the Hubble 
telescope 



All at a renmrkabtv low price! 



Also by William J. Kaufmann III... 

DISCOVERING IHE UNIVERSE 

SECOND EDmON (1990) 

448 pages / paper / 523 illustrations / 2054-X / $34.95 

This brief, less detailed paperix>und version of the author's hardcover text is the 
overwhelming favorite for single-semester or quarter-length introductions to astronomy 
for non-science majors. New edition coming in Fall 1992! 



ERIC 



IS W. H. Freeman and Company 

if you're Interested In adopting IMVIftSI or DtSCOVEtMGIHE IMVUSK. please contact your Vxdl W.H. Freeman sales representative 
or call our Professor Services Department at (801 ) 973-4660 -~ fax (801) 977-97 1 2. O wrttc on your school letterhead to: 
W.H. Freeman and Company. Professor Services Department. 4419 West 1980 South. Salt Lake Qty. Utah. 84104. 
Be sure to Include your course name, enrollment size, telephone number, offkie hours, and adoptton decision date. 
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ESSENTIAL ASTRONOMY FROM CAMBRIDGE 



Massive Stars in Starbursts 

Proceedings of the Massive Stars in 
Starbursts Meeting Baltimore, 1990 
May 15-17 

Edited by Ctaus Leitherer, 
Nolan Watbom, Timothy 
Heckman, and Colin Norman 

Reviews the importance of massive stars 
in several areas of astrophysics. 
Space Telescope Science iNsnruTE 
SYMPOsnm Series 5 

1991 349 pp. 40465-7 Hardcover $49.50 

Variable Star Research: An 
International Perspective 

International Cooperation and 
Coordination of Variable Star Research 
Edited by John JR. Percy, 
Janet Akyux Mattei, and 
Christiaan Sterken 
Details such topics as the history of 
variable star research, the contributions 
of amateurs, current understanding of 
the major classes of variable stars, and 
prospects for amateur-professional 
collaboration in the future. 
1991 343 pp. 40469-X Hardcover $49.95 



Solar Observations 

Techniques and interpretation 

Edited by R Sanchez, 

M» CottadoSf and M. Vazquez 

Explores some key lieas in solar physics, 
including new techniques that are being 
developed for observing the sun at high 
spatial resolution and the magnetic field 
that dominates much of the structure we 
see and many of the active phenomena 
on the Sun. 

1991 258 pp. 40251-4 Hardcover $64.95 

Images OFTHE Universe 

Edited by Carole Stott 

A comprehensive survey of the 
astronomical winders of the universe. 
1991 245 pp. 39178-4 Hardcover $54.95 
42419-4 Paper 824.95 



Variability of Blazars 

Edited by Esko Valtaoja and 
Mauri Vattonen 

A complete summary of the observations 
of blazars and the theoretical 
interpretation. 

1992 478 pp. 41351-6 Hardcover $59.95 
Now in paperback... 

The Teaching of Astronomy 

Proceedings of the 1 05th Colloquium of 
the International Astronomical Union 
H4ited by Jay M* Pasachoffand 
JohnR. Percy 

445 pp. 42966-8 Paper about $29.95 



Available in bookstores or write: 

CAMBRIDGE UNIVERSITY PRESS 

40 West 20th Street, New York, NY 10011-4211. Call toll-free 800-872-7423. 
MasterCard/VlSA accepted. Prices subject to change. 



L AST CHANCE! 



Final call for Twilight Tours* sunrise total eclipse eHpeditlon to 
Uruguay and Chile ! This uuili be one of the uery feui land-based 
eHpeditions to see the 30 June 1 992 eclipse. Only a feui select 
spaces remain on this special trip, included as part of the pacicage 
price are: 

a 7 Nights first class hotel accommodations, 
a nil airfares to/from/uiithin South Rmerica. 
a nil ground transfers to hotels, eciipsCp day tours, etc.. 

• Daily breakfastp selected additional dinners and lunches, 
a n special UIP tour of ESO*s La Silla Obseruatory. 

• Nighttime obseruing of the fabulous southern sky. 

EHPEDITiON PRICE — BRSEO ON DOUBLE OCCUPRNCV 
$ 2300.00 EH-LOS RNGELES $ 2100.00 EH-MIRMI 



Call or write us TODRV for a free brochure: 
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O ■ 

ERIC 



3316 UJ. Chandler Bouleuard 
BurbonicCR 91505-21 15 
Phone: 1818) 841 -8245 
FRH: (818) 843-6850 
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Women in Astronomy 



A Samplei: of Issues and Ideas 



Shortchanging Girls 

Nadine Barlow 

NASA Johnson Space Center 




Nadine Barlow studies the {^eolo^y of 
Mars at NASA *.v Lyndon B. Johnson 
S{7ace Center in Houston, TX. Her 
current research looks at Martian impact 
craters to determine weathering at 
porsible landinfi sites. She is also 
president of the Clear Lake, TX, branch 
of the American Association of 
University Women and recently chaired 
the ste.'^rinfi committee for the Texas 
State aAUW Educational Equity 
Roundtabi'^. 

A major movement is afoot in the 
United States to improve the educational 
environment for today's students and better 
prepare them for tomorrow's challenges. 
However, recent studies indicate that the 
methods that encourage Caucasian boys in 
fields such as science, math, or English, 
may not necessarily work for girls or ethnic 
minorities, A recent study by the American 
Association of University Women shows 
that a student's sense of self-esteem can 
dramatically affect how well that student 
likes certain subjects and thus affect his/her 
career aspirations. 

The American Association of 
University Women (AAUW) was founded 
in 1881 to promoteeducation and equity for 
women and girls. Today this national 
organization of over 135,000 members 
works to help women meet the demands of 
our increasingly complex society. 
Although traditionally AAUW has worked 
primarily to provide opportunities for 
women pursuing higher education, in 



recent years the organization has taken the 
lead in improving the educational 
environment for young girls. In the fall of 
1990, AAUW commissioned Greenberg- 
Lake: The Analysis Group to survey 3000 
girls and boys ages 9 to 1 5 across the United 
States on theii attitudes about themselves 
and their aspirations. Three major 
conclusions arose from the study: 

1) both boys and girls experience a 
decline in self-esteem as they get 
older but the decline is more 
pronounced for girls; 

2) adults have the greatest impact on 
adolescents' self-esteem and 
aspirations; and 

3) boys and girls who enjoy science 
arid math tend to retain higher 
levels of self-esteem and are more 
likely to achieve their aspirations. 

The decline in self-esteem was the 
most interesting finding of the survey. 
Girls at 9 years of age tend to be very 
confident, assertive, and self-assured, but 
by the time they reach \ 5 years of age they 
are much less confident about themselves 
and their abilities. Girls emerging from 
adolescence have a poor self-image, are 
very concerned about their appearance, and 
feel constrained in the future options 
permitted them by societal expectations. 
Boys also suffer a decline in self-esteem 
between the fourth and tenth grades, but the 
decline is not as dramatic as it is for girls; In 






{From the A.S,P, Archives) 

fourth grade, bl^/c of boys and 609r of girls 
said they were happy with the way they 
were, \ .lereas by tenth grade 467^ of the 
boys and only 297f of the girls agreed with 
that statement. The survey also showed 
that boys were more confident in their 
talents and abilities and were more willing 
to speak up in class than were the girls. 

We often believe that teenagers are 
more easily influenced by the attitudes of 
peers than by the adults in their lives. 
However, the AAUW survey found thai 
academic confidence and feelings of 
importance within one's family outranked 



Women NEED encouragement, and this encouragement has to start 
at home; parents need to value a science career for their daughters. 
Approval is a very important pa;1 of most young women's lives — 
approval and self-esteem. We find that a little encouragement helps 
build the self-confidence needed to get over some barriers. The 
best encouragement, though, is from one's 
peers, be they male or female. 

France Anne Cordova 
Pennsylvania State University 

France Cordova is the head of the astronomy and 
astrophysics department at Penn State University. 
She is best known for her research on compact x-ray 
sources, and discovered a new class of soft x-ray 
pulsations from dwarf novae and x-ray emissions 
from cataclysmic binary stars. 




Courtesy Penn State University. 
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acceptance by one's peers. The survey also 
found that young women become 
discouraged because of the attitude of 
adults, including their teachers, that 
women cannot do the things that they 
themselves believe they can. Teachers 
have a special opportunity to affect the self- 
esteem of female students since a young 
woman's feelings about her academic 
performance correlate very strongly with 
her relationship with her teachers. Young 
men s sense of self esteem correlates with 
their sense of confidence in their abilities, 
and since society sends the message that 
males can do anything they put their minds 
to, boys end up with higher degrees of self- 
esteem by the end of adolescence than do 
girls. 

For readers of Mercury, perhaps the 
most interesting result of the AAUW 
survey is the result that students who enjoy 
math and science tend to retain higher 
levels of self-esteem regardless of gender. 



Most students indicated they liked math 
and science, particularly at the elementary 
level: 8I9r of girls and 847r of boys in 
elementary school like math and 157c of 
girls and 829"^ of boys in elementary school 
like science. However, this enthusiasm 
drops as students get older: by high school 
only (•)59c of girls and 119r of boys like 
math and 63^ of girls and 157c of boys like 
science. Even fewerof the adolescents who 
•'like" math feel they arc **good at math". 
Girls interpret their problems with math as 
personal failures vv'hereas boys are more 
likely to see problems as a result of the 
subject material itself. However, those 
adolescents who do like math and science 
are more likely to prefer career occupations 
in which they use these subjects and 
therefore aspire to careers as professionals. 
In addition, students who like math and 
science have higher levels of self-esteem 
— they like themselves more, feel better 
about their school work and grades, 
consider themselves more important, and 
feel better about family relationships. 
Adolescent women who like math and 
science are more confident about their 
appearance and woiry less about others 



Some of the most outstanding researchers and some of the most 
effective administrative leaders in astronomy are women. They are 
widely recognized for their work. Potentially, this establishes a good 
background climate for young people entering the field. However, in my 
view, many astronomers do not consciously consider the outstanding 
successes as representative of what women can do. There is a great 
deal of talk about encouraging women to enter astronomy and frequent 
declarations of support for women who aspire to reach the highest 
levels of our profession. But there are relatively few university 
departments where this talk is translated into important practical action. 
The result is that the percentage of women in senior positions in 
astronomy today is not significantly greater than it was 50 years ago. 

One of the key problems is that the people making the decisions 
regarding tenure or professional recr^nition are overwhelmingly men. 

John Bahcall 
Institute for Advanced Study 

John Bahcall is President of the American 
Astronomical Society. He heacied the Astroncmy 
and Astrophysics Survey Committee for the National 
Academy of Sciences which published a blueprint 
for the path astronomy should take over the next 
decade, and was one of the prime movers behind 
the development of the Hubble Space Telescope. 
His research Interests include solar neutrinos, 
quasars, and a variety 
of other theoretical problems. 




Courtesy John Bahcall. 



liking them. They also are less likely to be 
dissuaded from pursuing the careerthey are 
interested in. 

So what can we do to encourage our 
girls and improve their sense of self- 
esteem? AAUW currently is sponsoring 
Educational Equity Roundtables on the 
state and local levels to address this 
question. Some of the suggestions which 
have been proposed are 

1 ) short-term, focused teacher 
training to acquaint teachers with 
the subtle ways that girls are 
discouraged in the classroom. 

2) encouragement of partnership 
programs between schools and 
industry, universities, and 
community organizations to 
provide girls with extra 
encouragement and improved 
opportunities outside the 
classroom environment. 

3) more parental involvement in 
their daughters' education and 
draining of parents to encourage 
their daughters* aspirations. 

4) inclusion of different teaching 
techniques in the classroom (such 
as cooperative learning projects, 
emphasis on logical thinking, 
etc.). and 

5} better media coverage of female 
professionals who can serve as 
role models to young girls. 
Times are changing — the AAUW 
study revealed that most young people 
assume that women as well as men will 
have careers outside the home and that 
women can enter professions which 
previously were held predominantly by 
men. The results of this survey will present 
challenges which educators and public 
policy makers will need to overcome as we 
prepare today' s students to face the realities 
of the next century. ■ 

A 17-page summary of the AAUW 
report "Shortchanging Girls, 
Shortchanging America" can be 
obtained from AAUW Publications, 
11 II Sixteenth Street, N.W., 
Washington. D.C. 20036-4873. The 
cost is $5 plus $2.50 shipping and 
handling. The full report and a 15- 
minute videotape on the subject are 
also available. For more information, 
write the AAUW at the above 
address, or call (202)785-7700. 
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Discrimination 
in the Workplace: 

Results of Two Recent 
Surveys and Some 
Recommendations 

Jill Price 

Bentley College 




Jill Price is an assistant professor of 
physics at Bentley College. Her research 
interests include dwarf galaxies, star 
formation, and the extinction of starlight 
due to dust in different types of galaxies. 



Recent studies have shown that many 
women astronomers feel there is 
significant discimination and harassment 
against them in the astronomical 
workplace. Women comprise 1 1% of the 
members of the American Astronomical 
Society, up from the low of 7.9% in the 
1972 A AS survey, but still lower than the 
high of 17% recorded in 1938. A survey 
sent by the AAS in 1990 to all its members 
(of both sexes) elicited responses from 
41.6% of the 5300 members. The survey 
covered many areas, including sources of 
funding, job descriptions, publishing 
scientific articles and meetings attendance. 
The survey also contained a section on 
equal opportunity, which included 
questions about sexual discrimination. 
Coincidentally, at about the same time, I 
iuUependently surveyed 548 female AAS 
members specifically about sexual 
harassment and discrimination; 19% 
replied. It is likely that those who 
responded felt most strongly about the 
subject, and may not be representative of 
women astronomers as a whole. The two 
surveys asked different questions but had 
some common findings. 

The AAS questioned its members on 



whether they had ever witnessed 
discrimination in various situations 
astronomers normally confront. [See table 
below]. Fifty percent of the women, but 
only fifteen percent of the men, had 
witnessed discrimination against women. 
In fact, women reported having 
witnessesed or experienced discrimination 
in far greater percentages than any other 
minority group. Male and female 
individuals working side by side in the 
same office or university department may 
not interpret a situation in the same way. 



One of the finest experiences of 
my life was my first trip to Chile 
to observe, and my first glimpse 
of the southern sky. The trip 
rekindled all my interest in 
astrophysics, telescopes, 
instrumentation — and the 
southern sky left me breathless. I 
wanied to spend the entire night 
sitting outside the dome, 
watching it go by. 

This experience was 
unfortunately followed by one of 
my worst experiences. I came 
home after two and a half weeks 
feeling very guilty, and anxious to 
see my children, who were aged 1 
and 4. After three days of almost 
no sleep I rushed in to see them, 
and the "regular'' babysitter had 
left the kids with a ''substitute" 
babysitter. This woman started 
screaming at me, telling me what 
a bad mother I was to leave the 
children when they were so 
young. She made me incredibly 
angry, and sad. 

Kathy DeGioia Eastwood 
Northern Arizona University 

Kathy Eastwood's research is in the 
area of star formation, particularly the 
mass distribution of newly formed stars 
and how such stars interact with the 
interstellar medium. 



Percentage of respondents who witnessed or experienced 
discrimination against women 

% of % of 

women men 

General social treatment 50 15 

Promotions 34 9 

Accommodation of special circumstances 34 8 

Pay/fringe benefits 31 8 

Tenure decisions 26 6 

Hiring practices 37 14 

Research opportunities 25 5 

Accommodation of job mobility 16 3 

Opportunities to give talks, etc 1 8 2 

Competition for institution resources 17 3 

Administrative appointments 14 3 

Admission of students to graduate programs 17 4 

Nominations, elective offices, honor societies 1 3 2 

Committee assignments 1 2 2 

Competition for grants/fellowships 14 2 

Teaching assignments 10 1 

Prizes and awards 1 1 2 

Access to research facilities 9 2 

AASStmrv. I WO 
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Clearly there is a perceptual difference 
between men and women as to what 
constitutes sexual harassment and 
discrimination. 

On my survey, I asked women if they 
would agree with a series of sentences 
about whether different types of 
discrimination and harassment had ever 
happened to them personally. The highest 
response rates were recorded for the 
following statements: 

♦ I have withstood verbal 
harassment, insulting remarks, 
and treatment as a "second-class 
citizen" on the job. {497c) 

♦ I am not taken as seriously as my 



male colleagues. (35%) 
♦ Often, because I was not afraid to 
voice an opinion on subjects 
about which I was knowledge- 
able, I was accused of being 
''difficult", "vocal", or "having a 
strong personality". {21%) 
Of the 108 respondents, 237r had been 
sexually propositioned on the job. Of the 
women who had not personally 
experienced discrimination or harassment, 
389^ knew someone who had. 

This discrimination reported may 
partly explain the fact that fewer women 
are found at the top ranks of astronomy than 
their numbers would indicate. Only 79c of 
senior researchers and full professors are 
women, whereas 1 09c of astronomers over 
age 35 are women, and 89^ of all those over 
age 40 are women. The lower percentage of 
women in high statusjobs could result from 



The current climate for women in astronomy has improved — but is 
still far from what it should be. Some attempts are made by 
universities and observatories to reduce the bias in the hiring and 
promotion of women astronomers. However, with all the excellent 
scientific work done by women astronomers, and with a lot of 
supporting talk and words by various organizations and 
institutions, most astronomy departments and observatories still 
have NO women, especially at the senior levels. There is still, 
unfortunately, a subconscious negative bias in the appointment and 
promotion of women astronomers, in their general evaluation, as 
well as in their selection for invited talks, awards, and the like. 
There is stiil a prevailing feeling that a woman has to achieve 
considerably more than a man in order to be judged equally. A 
larger number of women in role-model, senior level positions, where 
decisions are made, coupled with a better understanding by the 
general astronomical community — of both genders — of this issue, 
should improve the situation for 
women in astronomy. 

Neta Bahcall 
Princeton University 

Neta Bahcall's research interests revolve 
around extragalactic astronomy and 
cosmology. She studies the large-scale 
structure of the universe, galaxy clusters 
and voids, the "missing mass" problem, 
and quasars. 




discrimination or attrition (which could be 
related to discrimination). 

Or perhaps women have only recently 
begun to advance through the astronomy 
pipeline (due, in part, to affirmative action 
programs) and have not had time to reach 
high-level jobs in large numbers. There are 
more women at lower ranks than there are 
overall (about 20% of post-doctoral 
astronomers are women) and fewer young 
women than older ones have experienced 
discrimination. These could be hopeful 
signs. However, women who have just 
entered the field may not have had 
sufficient time to encounter discrimination. 
It is also unclear how many of the women 
currently in low-status positions will 
advance later to high-status positions. 

Fair treatment of women does not end 
with hiring them into positions. Many 
recent articles have argued that in order to 
truly make a difference in the composition 
of the scientific community, women must 
be made to feel comfortable after they get 
the jobs. 

Respondents to my survey had some 
sensible suggestions on how this could all 
be accomplished: 

1. Mentors and role models for 
women astronomers are 
desperately needed. 

2. Men need to be educated — some 
may not even be aware of what 
they are doing when they practice 
discrimination. Education for 
women is also important so that 
they will not feel isolated or blame 
themselves if they are the victims 
of inappropriate treatment. 

3. A grievance and punishment 
system should be put in place for 
individuals and/or institutions 
who are found guilty of 
discrimination or harassment. 

4. More women should be invited to 
speak at astronomical meetings, 
professional and amateur. More 
women should be on telescope 
time allocation and grant funding 
committees. 

5. The problems of two-career 
families should be addressed. 
On-site daycare and shared 
positions are two possibilities 
which were mentioned. 



Courtesy Princeton University. 



er|c 



Mr:RCURY • January / February 1992 • page 30 

^ 



G 

\ Sampler > - 



Women in 
Aslnuioiin 



All of these suggestions have merit 
and should be considered by the 
astronomical community. Other 
suggestions, found in a recent America)] 
Scientist (Sept/Oci 1 99 1 ) article on women 
in science include: 

1. De-emphasize SAT's as a basis 
for college admissions and 
scholarships, since they are 
thought to be biased against 
women, 

2. Publicize recent findings that 
indicate there is very little 
measurable difference between 
male and female brains which 
would have any bearing on their 
ability to do science. 

3. Fund intervention programs for 
long periods of time, because 
i^ettini^ women involved in 
scientific fields and keeping them 
involved are both important 
goals. 

4. Revise the tenure system at 
universities and colleges. Cun'ent 
research indicates that mothers 
are just as productive as fathers 
are, once their children are all 
older than ten. It is not fair to 
penalize women just because 
theirproducti vity drops for a short 
period while their children are 
young, and it is not fair to tell them 
they should not have any children 
if they want to be scientists, 
especially when no such message 
is being delivered to male- 
scientists. This opens t.he 
Pandora's Box of the "mommy 
track", but these are important 
issues, and we need to discuss 
them until solutions are found. 

Clearly there are many courses of 
action which could be pursued to steer 
women into astronomical careers and keep 
them there. Once the number of women 
astronomers has risen above a certain level, 
perhaps this type of survey and articles like 
this will no longer be necessary, ■ 



A Male Perspective: 

Not Equal, Not Yet 

Geoffrey Clayton 

CASA, University of Colorado 




Geoffrey Clayton studies interstellar 
(lust and how dust forms in a class of 
variable stars that show sudden, 
unpredictable drops in hriiihtness known 
(IS R Coromw Borealis st(U\\\ He is co- 
editor of Status, the newsletterofthe AAS 
Committee on the Status of Woinen in 
Astr(m(miy, 

I recently overheard a conversation 
between a male professor and a female 
graduate student. They were discussing her 
career plans which had to take into account 
her husband, a Ph.D. physicist. The 
graduate student mentioned that she had 
started out in nursing but had switched to 
astronomy. The professor responded that 
nursing would be a good career to fall back 
on because it was so transportable. It was a 
fairly innocuous comment. But it was a 
comment that he never would have made to 
a male graduate student. No male student 
would ever be advised to switch careers to 
accommodate the career of his wife. 
Ironically, the male professor in question is 
extremely politically correct, works to 
encourage women and minorities in 



astronomy, and is married to a professional. 
He would say that he treats male and female 
students the same. But he doesn't. This is 
the sex discrimination of the 'QOs, Gone is 
the overt discrimination often seen in the 
past. There are still some male astronomers 
who feel that women should not be in 
astronomy at all. but they are near 
retirement and have gone underground 
with their views. Most male astronomers, 
which means most astronomers since 80*^^- 
are men, arc sensitive '90s kind of guys. 
They believe in equal rights for women. 
They believe that they treat women the 
same as men. But they don't. 

Part of the problem is that women are 
still fairly rare in most astronomy 
departments. They are a minority among 
the graduate students. They are almost 
unheard of as professors. The result is that 
male astronomers are not used to dealing 
with women on a professional basis except 
as secretaries. Their experience with 
women is as mothers, wives, sisters, 
girlfriends and daughters. And the 
tendency is for men to transfer their 
behavior in these relationships to women 
they meet at work. Men need experience 
working with women as their peers \n order 
to learn how to relate to female astronomers 
as astronomers rather than as females. 
Another facet of this problem is that some 
men. having worked with only one female 
astronomer, will generalize her character to 
all female astronomers and this will color 
how they treat other female astronomers. 
Finally, there is pressure of a different kind 
on women. The four-to- one ratio of men to 
women in astronomy means that a single 
woman will be subject to a lot of romantic 



At a dinner I attended recently where I was being honored as the A.S.P. 
President, a man sitting next to me started the conversation with "Is 
your husband an astronomer?'' 

Julie Lutz 
Washington State University 

Julie Lutz Is Director of the Division of Astronomical Sciences at the National Science 
Foundation and President of the A.S.P. Her research focuses on planetary nebulae. 
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attention whether she wants it or not. 

Part of this problem is societal, and not 
isolated to astronomy or science. Women 
still do not start out on an equal footing with 
men in the workplace. Employers prefer to 
hire married men and single women. This 
is because married women still must 
shoulder a much greater burden than 
married men. ''ery few marriages are truly 
a 50-50 arrangement. Even the most 
sensitive '90s guy does not take a leave of 
absence when his wife has a baby, does not 
do 507c of the household chores, and does 
not do 509( of the child rearing. Men have 
the option of how much or how liule to do. 
Women generally do not. Many men are 
sensitive to this problem and are making 
sincere efforts to do their fair share of work 
in a marriage. One example of this is that 
many professional couples now try to find 
two good jobs in the same place. If one or 
both are astronomers, the situation is often 
very difficult because jobs are rare and 
offers may come from anywhere in the 
country. Finding two decent jobs in the 
same place is almost impossible. 

Despite these obvious professional 
disadvantages that women suffer in the 
workplace, some male astronomers, like 
men in other professions around the 



Nancy Roman at the 
control console for the 
0 AO 3 satellite 
(nicknamed Copernicus) in 
1972. Copernicus carried 
a (IS-meter ultraviolet 
telescope and three small 
x-ray telescopes into 
space. At the time, Roman 
was Chief of Astronomy 
Profirams at NASA \s 
Physics and Astronomy 
Profirams Office, 
(Courtesy NASA) 



country, feel that affirmative action 
programs are giving women an unfair 
advantage. Several 'female astronomers 
whom I know have had the experience of 
male astronomers telling them that they 
will have no problem geuing a job because 
they are female. It is particularly galling for 
a woman who has had to fight hard to get a 
Ph.D. and establish a reputation as a good 
scientist, to have people consider her 
success to be due only to her sex. If this 
theory of women's unfair advantage were 
true, a high percentage of the women in 
astronomy would be in tenured jobs. Just 
the opposite is true. 

There is hope that these problems will 
not last. In astronomy departments which 
have several female astronomers, the 




In the U.K. there seem to be more women research students and young 
post-docs than there used to be, but there is no perceptible increase at 
the senior levels. Where are they 
disappearing to? I suspect a number are 
lost to astronomy through trying to keep 
going on soft money while playing 
second fiddle to their husband's careers 
and/or raising children; their domestic 
commitments limit their mobility and 
weaken their position. 

Jocelyn Bell Burnell 
The Open University 

Jocelyn Bell Burnell discovered pulsars in the 
late 1960s. She Is currently the chair of the 
Department of Physics at the Open University, 
Great Britain's largest university. 




Photo by Robin Scagell, circa 1975. 



situation seems to be working well. The 
men see women as a normal part of their 
work and the women don't see themselves 
as alone or under a microscope. I think 
we've come a long way toward equality in 
the astronomical workplace inthelast 30or 
40 years but it may be 30 or 40 more years 
before men and women can work side by 
side as true equals. ■ 



Women Worldwide 
in Astronomy 

Deidre Hunter 

Lowell Obsen>atofy 
and 

Vera Rubin 

Carnegie Institution 
of Washington 

Editor's Note: This article is re- 
printed from the January 1989 issue 
. of Status, the newsletter of the 
• American Astronomical Society's 
Committee on the Status of Women 
; in Astronomy, 

A special session on "Women World- 
wide in Astronomy" was helri at the 20th 
General Assembly of the Iiiternational 
Astronomical Union on August 8, 1988. 
The purpose of the meeting, which was 
attended by about 200 women and men, 
was to focus attention on the problems that 
women astronomers face throughout the 
world. The goal was to gain an i ntemational 
perspective and to compare the problems 
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At Mt. Wilson, one day at lunch, I was bored listening to the 100" and 
60" observers talking. No one can get up from the table until they 
leave. I went to stretch my arms at the table and accidentally pushed 
my chair away from the table. The day crew took that as a signal, 
allowing me as a woman, I guess, to rule the 

\ dining table etiquette, and I inadvertently 

^dismissed the table. 

Lucy McFadden 
University of California at San Diego 

Lucy McFadden studies the nature of comets, 
asteroids and meteorites in the solar system, trying to 
determine the relationship among them. 

Courtesy Scripps Institution of 
Oceanography. 




women face in different countries. This is a 
brief summary of the high points of the dis- 
cussion. 

The percentages of astronomers who 
are women varies from country to country 
but they are generally low. Among the staff 
working in astronomy in China one-third 
are women. However, at the higher levels 
less than 10% are women. In India, al- 
though women have historically played a 
role in other fields like writing, there have 
been few women in astronomy. Of 20 Ph.D. 
astronomers in South Africa, one is a 
woman and there are two women graduate 
students. In Japan there are 600 astrono- 
mers and graduate students. Of these there 
are only 4 women with Ph.D.'s (of which 2 
have permanent positions) and 10 graduate 
students. In Scandinavia there is one fe- 
male astronomer with a full-time, perma- 
nent job. There are more female astrono- 
mers, but they either have no jobs or are 
employed part-time. On the other hand. 20 
of 50 astronomers in Egypt are women. 

France has a very high percentage of 
astronomers who are women, about 309f . 
There are several reasons for this. First, 
historically universities in France have 
always been open to women at all level.s. 
The universities became somewhat closed 
to women in the 1 5th century, but in the 
2()th century France was one of the few- 
places that a woman could get a Ph.D. in 
physics. In other countries there is not such 
a tradition. In the U.S.S.R., for example, it 
was only after the re\'olution that women 
were admitted to universities. A second 
factoraiding women astronomers in France 
is that academic positions are tied to the 
person rather than to a specific place. This 



makes it easier for a couple to combine two 
careers and still live in the same place. 
Finally, child care is very good and easy to 
obtain. Children of working women can 
stay later at school; and, since the majority 
of women work, there is no stigma on the 
child who must stay later. In many other 
countries child care is not as easy to obtain, 
and the woman with a career is expected to 
do double duty. Nevertheless, even in 
France there are problems. The percentage 
of women in astronomy has been declining 
recently, and the percentage of women in 
senior-level positions is lower than that 
overall in astronomy. As the salary-class 
goes up, the percentage of women de- 
creases. 

Women who do become astronomers 
find that they must work agai nst prejudices. 
Work by women is often rated lower tUan 
that by men. Today women may get jobs in 
the physical sciences that would have been 
denied them in the past, but they may not 
giM fair access to laboratory space and 
equipment and may be promoted more 
slowly than men. In India until recently 
women were not allowed to observe at 
night. Men are preferred in hiring and 
advanced faster, and women must endure 
an atmosphere in which they receive very 
little respect. In Mexico discrimination is 
not overt, but there is again a reluctance by 
men to appoint women to jobs with respon- 
sibility. A survey of papers and salaries of 
women astronomers in Latin and South 
American countries showed that women 
publish as much as men but earn lower sala- 
ries. 

Prejudices within society also work to 
prevent women from becoming astrono- 



mers and make it harder if they do. In 
Mexico the expectations for women are 
different, and discrimination is evidenced 
in education, games, and responsibility at 
school and at home. Professionally, women 
have the problem of not being able to inter- 
rupt their careers to have children. In India 
women often disappear from astronomy 
after getting their Ph.D.'s because the so- 
cial pressure to marry is very high. Many 
marry other scientists and then have the 
trouble of finding two jobs in one location. 

In South Africa social pressures are 
probably largely responsible fordiscourag- 
ing women from going into science. First, 
women are regarded as secondary employ- 
ees because women's primary function is 
considered to be caring for a family. The 
view that women belong in the home is 
reinforced through advertising and legisla- 
tion. For example, there is no maternity 
leave. Second, sciences such as physics and 
engineering are considered to be "men's 
jobs." In addition, a shortage of science 
teachers and a lack of female role models 
discourages girls from following science 
careers. 

Slowly the situation is changing; one 
can find distinguished women astronomers 
at higher-ranking positions. Acceptance of 
women on an equal footing, however, will 



Carolyn Porco, as head of a Voyager team that 
studied planetary rin^s, announees the 
discovery of the faint, tenuous rin^s of Neptune 
at (I Voya<ier press- conference in Antiiist 
(Photo hy Lori Stiles) 
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come slowly as more and more young 
women enter the field. The entrenched, and 
often unconscious, prejudices that women 
face now will erode only if the task is 
tackled from the beginning at the educa- 
tional level. To change the situation, 
women should promote science among 
young girls through their own visibility. ■ 

Deidre Hunter studies star fornuition in 
irref^iilar {^ahixies, lookini^ for 
differences in starfornuuion in irreiiular 
i*alaxies versus spiral and elliptical 
yalaxies. Vera Rubin studies the 
dynamics of iialaxies and their lari^e- 
scale motions. Her u y; rk on spira I (galaxy 
rotation curves proved that tremendous 
amounts of matter exists in a form that is 
not detected by telescopes, the so-called 
"dark matter, " 





Ruth Peterson prepares the spectroi^raph on the 
Kitt Peak National Observatory 4-meter 
telescope for a nit^ht's ohsen'inf^, Peterson 
studies the chemical compositi(m of old stellar 
populations, looking for relations between the 
composition (Uid the positions and movements 
of the stars, ( Omrtesy NO A O I 



I think slowly, very slowly, women are gaining more acceptance. 
There is a noticeable difference in grad school itself, where the 
number of women students has grown significantly. The greater 
presence of women in managerial positions everywhere has 
made it easier for women to gain access to administrative 
positions in astronomy. The director of the National Optical 
Astronomy Observatory is female. The head of astronomy at 
NSF is female. The head of the Institute of Geophysics and 
Planetary Physics at Lawrence Livermore National Laboratory is 
female. Slowly the visibility is making a difference. 

I think if you came back in 100 years, you would see the number 
of women even higher and the total contribution of women larger 
than they are today. However, I am not sanguine that the activity 
of the sexes will ever be exactly equal because of women's extra 
dedication to children and family, which I see putting an extra 
burden (and also extra rewards) on them indefinitely into the 
future. This asymmetry between women and men is deeply 
ingrained and likely to be very persistent. 

Sandra Faber 
University of California at Santa Cruz 

Sandra Faber's research has revealed many 
details of the large-scale structure of the 
universe, including the existence of a "Great 
Attractor," an immense concentration of mass 
150 million light years away in roughly the 
direction of the constellation Centaurus that is 
pulling the Milky Way and its neighboririo 
galaxies toward it. 




Photo by Don Fukuda. UCSC. 



Gillian Knapp's 
Advice to Young 
Women Interested in 
Astronomy as a 
Career 

Gillian Knapp 

Princeton University' 




Gillian Knapp studies (he interaction 
between interstellar i^as and stars in 
i^alaxies throui^h obseirations at radio 
and infrared wavelentiths. She wants to 
determine how those interactions 
influence galactic evolution and the 
properties of i^alaxies, (Photo courtesy 
Princeton Ui live rsity) 

1 . Work on scientific problems is driven by 
many things, but the most important is a 
passion for science. If you've got it, don't 
let anyone talk you out of doing what you 
want to do. 

2. Learn lots of physics. Always work on 
problems that are a bit harder than you think 
you can do. Also, hone your skills at 
mathematics, computing, and hardware. 

3. Know yourself very well. For people 
who belong to groups which are routinely 
discriminated against, it's very important 
when one encounters difficulties (and 
successes, too) to be able to do a reasonable 
job of disentangling one's own 
contribution from those of others. 

4. Know what you want out of life. Our 
social structure hasn't evolved in response 
to changing employment and career 
patterns, and you will have to deal with the 
work/family conflict while almost all men 
don't. You can "have it alP if you want it 
but it won't drop into your lap. 



ERIC 



MERCURY • January / February 1992 • page 34 



37 



\\o\uvi\ ill / A 
AstronoiUN . x ^ / 



A Sampler 



I am encouraged by the tendency of some women to be particularly 
concerned about their female colleagues and their female students. 
I think this "networking" is one of the most positive and effective 
things we can do to promote the role of women in astronomy. It is a 
particularly crucia! way to provide advice and support for young 
women. Women should invite each other to discuss informally the 
special problems they face. The special advice I would give to 
young women is to consult with other women in the field and find 
out from them what it is really like and what things are most helpful 
to do. Try to find out what the atmosphere is like at particular 
places and listen to the scuttlebutt about who is sympathetic to 
professional women and who is not. 

John Bahcall 
Institute for Advanced Study 



5. If you can't stand to be told that "you 
only got this job/prize/grant/inlluentia! 
committee appointment because you're a 
woman" then don't become a scientist 
today. No matter whether such statements 
are "true" ornot,youMl hearplenty of them. 
You'll also hear a lot about how women 
aren't cut out to be scientists, and may even 
hear various psychological "explanations," 
Pay no attention to this sort of nonsense; 
every second spent being upset about such 
stuff is a second you're not thinking about 
your work. 

6. Nobody likes to think that (s)he is 
prejudiced. The practical result is that it's 
sometimes difficult to know whom to trust. 
Actions speak louder than words. It's not 
necessarily true that female scientists are 
more trustworthy than males. So when you 
apply for graduate schools/postdocs/ 
faculty positions, an important thing to 
look at is the department's record on 
graduating and hiring non-traditional 
people, 

7. Behave decently, honestly, and with 
civility. You'll encounter a lot of the 
opposite. Think very carefully about what 
you're doing before you do it. (Some) 
aggressiveness and self-confidence are 
good things to have, and you should for 
instance not hesitate to insist that promises 
which have been made to you be kept. 
However, be careful not to let these 
qualities spill over into hostility and 
negative attitudes toward your colleagues, 
however great the provocation. WeVe 
among the lucky few who get to work on 
things we're really interested in, after all. ■ 



Forming a Local 
Women-In- 
Astronomy Group 

Elizabeth M. 
Alvarez del Castillo 

University of Arizona 



filizahcth Alvarez i.s a Rcsciirrh Assistant 
at Steward Observatory interested in 
tisin}^ asteroids as resources. She is 
currently xvorkinti on a database of all 
known asteroids, inclitdini> their 
diameters, classification, brii^htness, etc. 



C) 



In Tucson we have a large 
astronomical community and have formed 
a group of women in astronomy who meet 
for informal lunches to get to know other 
women in the field, to discuss specific 
issues, and to share experiences. At the 
request of A^^'/■^7^/T^v editors, I would like 
to explain how our group formed, why our 
"members" attend and want to continue the 
group, what we have done, and how our 
group has developed. Perhaps this will 
inspire groups like this in other parts of the 
country. 

In the summer of 1990, a group of 
women in astronomy at Steward 
Observatory were invited to dinner by 
Susan Kleinmann, who was in Tucson on 
an NSF-sponsored visiting professorship 
for women. We were surprised at the 
number of topics that we wanted to discuss 
and at how useful it was to share our 
experiences. Talking to some of our female 
role models was helpful and was made 
easier by the relaxed setting away from our 
work environment. We felt that we should 
build on this and decided to get together 
again and to include the women 
astronomers at the University Lunar and 



A few of the women in the W(mien in Astronomy Group in Tucson, Arizona. Astronomers in the 
i^roup are variously from the National Optical Astronomy Ob.serwtories, Steward Oh.se rwitory, 
and the University of Arizona \v Lunar and Planetary Lib, Women pictured are, from left to rit^ht: 
(sittiui*) Suzanne Forgach, Elizidyeth Alvarez, Karen Harvey, Karie Meyers, (tniddle row) Ann 
Bauer, Ying Wang, Shunbin Zhang, Sally Oey, Tamara Tlumipson, Beatrice Mueller, Caty 
Pilacliowski, (back row) Angela Bragaglia, Teresa Bippert-Plymate, Wendy Erdwurm, Lindsey 
Davis, Roberta McMillan, Winifred Williams, and Grace Wolf. (Photo by Mark Hanna, NO AO) 
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Planetary Lab (LPL), the National Optical 
Astronomy Observatories (NOAO), the 
National Radio Astronomy Observatories 
(NRAO), and the Planetary Science 
histitute (PSI), That September we had an 
informal luneh and have continued these 
meetings on approximately a monthly 
basis. The group includes graduate 
students, post-doe's, faculty, staff 
astronomers, research astronomers, and 
administrators in astronomy. 

Afrer our first few lunches the women 
in our group said they were attending for a 
variety of reasons which include the 
following: 

♦ for social reasons, to meet other women 
in the field 

♦ to get back in touch with the issues 
facing women now and to work on what 
needs to be done to address them 

♦ to find out how other women deal with 
problems in classes 

♦ to learn ahead of time successful ways of 
dealing with potential obstacles or 
uncomfortable situations during 
interviews, on the job. etc. 

♦ to discover how parents cope with the 
demands of family and career 

♦ to meet role models and to discuss 
various career paths. 

From the above list, we developed our 
first year's agenda. Our group sometimes 
meets with specific topics to discuss and 
sometimes leaves the hour free for open 
discussion, in addition to our informal 
lunches, we received support from Steward 
Observatory and the University of Arizona 
Affirmative Action Office to conduct a 
workshop entitled **Gender in the Work 
Environment." (Both men and women 
attended.) We have collected and 
discussed anecdotes from women on 
"chilly climates" that they have 
encountered on the job and in the 
classroom. 

A meeting which we opened to fathers 
in the field to discuss family and childcare 
issues generated interest in a subgroup 
which will continue to address these issues. 
Another subgroup is following through on 
suggestions which came up during a 
meeting to discuss assault prevention and 
our safety concerns, since so many of us 
work alone late at night either in our office 



buildings or observing at telescopes. 
Recently we have instituted a series of 
"science plus" talks in which women 
astronomers talk about both their current 
research as well as how they got to where 
they are today and what they have learned 
along the way. in addition to these 
personalized talks, we have tapped the 
knowledge and experiences of the women 
in our group for such topics as "How to 
Write a Successful Grant Proposal," 

When women arc especially interested 
in pursuing a cenain topic, they begin by 
bringing it up at one of our lunches to get 
feedback. Often a subgroup then forms to 
pursue the matter in more depth. Members 
of the larger group obtain updates on the 
subgroup's activities. This hub-and-spoke 
organization allows us to reach out in many 
directions while maintaining the hub or 
essence of a strong support group. 

As we have discussed specific issues, 
two questions emerge again and again. The 
first is whetheror not men should be invited 
to our sessions. How can we address issues 
realistically without input from half of the 
population and more than half of the 
astronomy community? Some of the 
women in our group have stated that they 
would not speak as freely on certain issues 
if men were present. Our answer is to mix 
the nature of our activities as much as we 
can so t'.iat everyone's needs are addressed. 
When we were discussing issues of gender 
in the workplace, for example, we had a 
round table discussion at one of our lunches 
in which the women present brought up 



situations which they had faced. From 
those collected anecdotes and with the help 
of some professionals in affirmative act ion, 
a subcommittee developed the workshop 
which we held for both men and women in 
our workplace. When we discussed 
childcare and family issues, we opened our 
informal lunch to any interested men and 
had a good attendance from fathers in 
astronomy as well as from some 
admin is! rat ors who were interested in 
providing a more congenial work 
environment for parents. The concerns of 
our Women in Astronomy group initiated 
both of these sessions, but the input from 
the men was an important part of the overall 
success. 

The second quesi'on which keeps 
emeigiiig is how formal or informal to 
make our group. What ti;c group has 
indicated is that the mfornic*] lunches 
establish a core which we need before we 
can reach out to pursue any formal Issues. 
We need to have a few purely social events, 
such as our picnic and dinners away from 
work, to get to know the other women in the 
field. Then when we have our brown bag 
round table discussions, people will feel 
comfortable enough to discuss even the 
more personal issues, and we will have laid 
the groundwork for role model/mentor 
relationships as well as supportive 
friendships. We find that our group is 
meeting a need in the community by 
discovering and addressing a number of 
issues relevant to women in astronomy 
today, ■ 



Some 25 years ago at (almost) my first AAS meeting, after several 
minutes' pleasant conversation with a small, lively gentleman with 
an overpowering voice, I looked down at his name tag and uttered 
the heart-felt if Inept phrase "My God. You're Martin 
Schwarzschild!" Quite recently at another meeting, I was talking 
with some local graduate students at the preconference dinner 
cocktail session, and one of them 
looked down at my name tag and 
reproduced phrase, screech, and 
(presumably) feeling of horror "Good 
God. You're Virginia Trimble." 

Virginia Trimble 
University of California at Irvine 

Virginia Trimble's main research interests are 
white dwarf stars, supernovae and binary stars. 




Photo by John Sanford 
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Resource Organizations for Women in Astronomy 



Committee on the 

Status of Women in Astronomy 

American Astronomical Society 

The Committee on the Status of Women in 
Astronomy is dedicated to improving the 
professional environment of women 
astronomers. The committee addresses 
such issues such as harassment, job 
opportunities, special fellowships for 
women, child care at meetings, having 
more women as colloquium speakers and 
invited speakers at conferences, and 
related matters. The committee is 
compiling lists of women astronomers and 
their fields of specializ.ation, surveying 
graduate schools to assess their "women- 
friendly" environment, and bringing in 
guest speakers to address specific 
women's issues at AAS meetings. They 
organize "parent rooms" at meetings 
where audio can be piped into a room for 
parents who would like to listen to talks 
while attending to young children. An 
electronic bulletin board lias been 
established so that the ideas and 
information can be shared weekly with 



those interested. To get on the list and/or 
send a message, use the e-mail address 
AASWOMEN@VASSAR.EDU. The 
committee chair is currently Debra 
Elmegreen. 

Association for Women in Science 

The Association for Women in Science, 
founded in 1 97 1, works to improve the 
educational and employment opportunities 
for women in all science fields. AWIS 
publishes a newsletter, information on 
grants and employment opportunities, 
career guides, legislative updates, and 
educational material on a variety of 
subjects. With over 3500 members, AWIS 
monitors the stalusof women scientists and 
participates in national coalitions and 
organizations that work to expand the role 
of women in science. Local chapters 
sponsor monthly meetings, organize 
mentoring programs, promote science 
education in the schools and community, 
and participate as judges in science fairs. 
Contact: AWIS, 1 522 K Street, N.W., Suite 
820, Washington, DX\ 20005, (202)408- 
0742. 



American Association 
of University Women 

For more than a century, the American 
Association of University Women has 
promoted equity and education for women 
and girls. In communities across the 
country, 1 35,000 A AUW members work to 
help women and girls meet the demands of 
an increasingly complex society. The 
AAUW pushes for gender equity in the 
classroom, lobbies for issues such as civil 
rights, pay equity, family and medical 
leave, dependent care, and reproductive 
rights, supports women seeking judicial 
redress for sexual discrimination in higher 
education, and awards fellowships and 
grants to women. The AAUW's 
Educational Foundation administers the 
Annie Jump Cannon Award, presented 
annually to a woman for distinguished 
contributions to astronomy. For 
information about membership contact: 
AAUW, nil Sixteenth Street, N.W., 
Washington, D.C. 20036, (202)785-7700. 



Boesgaard from ihi^c 22 



The Keck Telescope 

and the Return of the Commute 

The University of California was de- 
veloping plans for a lO-meteroptical/infra- 
red telescope throughout the early 1980s, 
to be put on Mauna Kea. My husband went 
to join the Ten-Meter-Telescopc (TMT) 
Project in Berkeley in 1984 and we began 
a com muter marriage again; this time I was 
based in Hawaii and he in California. And 
by then the phenomenon of dual-career 
commuting couples had become common 
enough that it had been the subject of study 
by social scientists. In January, 1985, Cal- 
tech and the W.M. Keck Foundation had 
entered the project, now called the W.M. 
Keck Telescope, and the headquarters 
moved to Pasadena in June, 1985. My 
husband was to be based there until late 
1 988 — much too long a time to commutel 
I managed to combine a sabbatical leave, a 
Guggenheim Fellowship, and a National 
Science Foundation Visiting Professor- 



ship for Women to spend nearly two years 
at Caltech. 

And so niy old dream of observing at 
Palomar with the 2()0-inch telescope fi- 
nally came true. Modern telescopes are 
wonderful, but nothing holds the heart of 
astronomers (of my generation at least) as 
much as the 20()-inch. I love the sound of 
the relays clicking, the wo. ler of the phan- 
tom that turns the dome, .iie absolute quiet 
of the night on the observing floor. The 
scientific environment at Caltech was eve- 
rything 1 had imagined it to be, and with 
CCD (electronic detector) observations at 
Palomar, my research flourished. I spent 
much tinicexploringthe*Mithium-gap" that 
Michael Tripicco and I had found in the 
Hyades stars in the narrow mass range of 20 
to 307r larger than the Sun: we had used the 
CFHT and the 88-inch telescopes on 
Mauna Kea for this discovery. At Palomar 
I could extend this work to other star clus- 
ters of different ages, metal content, place 
of formation, activity level, etc.. to try to 
understand the cause of the phenomenon 
which occurred deep inside these stars. 

We have now been back in Hawaii for 



three years. My research interests seem lo 
continually evolve and expand, in part 
because the technology evolves, enabling 
us to ask and answer ever more complex 
questions. A\ A the W.M. Keck Telescope 
has been put together from the giant tinker- 
toy set it appeared to be on the dock in 
Kawaihae harbor to the remarkable giant 
telescope that was dedicated on November 
7, 1991.^' 

There are so many enticing problems 
for me out there in our universe — about 
the evolution of stars, the chemical and dy- 
namical history of our Galaxy, the forma- 
tion and development of galaxies and clus- 
ters of galaxies, and of course the earliest 
moments of time, the first 15 minutes when 
hydrogen, helium, and lithium were cre- 
ated. The enchantment of astronomy and 
astrophysics is open-ended. ■ 



5. 1'or {'iithcr discussion of ihis research, sec the Nov/ 
Dec 1990 issue of A/r/ri// v (pp. 1X2-18.'>). - tV/. 

6. h'or more (^n the Keck Telescc^pe. see the article b\ 
J. Gustafson and W. Sargent in tlie Mar/.-\pr 1988 
issue of A/m7//T. - fid. 
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Vera Rubin: 



An Unconventional Career 



Sally Stephens 

A.S.R Education Coordinator 



Editor's Note: Vera Rubin, one of the country's best 
known and most respected women astronomers, was 
recently elected to the A.S.P. Board of Directors. Early in 
December 1991 , while attending her first Board meeting, 
she spoke about her life and work with Mercury Assistant 
Editor Sally Stephens. Their conversation ranged from 
Rubin's youth through the experience of being the first 
woman to (legally) use the telescopes on Mount Palomar, 
to her pioneering work establishing the presence of vast 
quantities of ''dark matter" in the universe. 




Vera Rubin with part of her collection of antique globes. 
(Photo by Mark Godfrey) 



V. 



era Rubin has an uncanny knack for 
asking questions that turn out to have 
profound implications for how we view the 
universe. In the early i970s, dissatisfied 
with the ultra-competitive world of quasar 
research, she turned to what seemed a less 
controversial field, the problem of the 
rotation of normal spiral galaxies. She 
expected to find that the mass in a galaxy is 
distributed in the same way as its light, with 
most concentrated in the center. What she 
actually found was that therr is 
considerable mass very far out from the 
center, out where few stars are visible. In 
fact, Rubin's work showed that everything 
we see — all the stars, star clusters, and 
glowing gas clouds — could amount to as 
little as !()7f of the total mass of a large 
galaxy like our own Milky Way. The rest 
— as much as 90^ — remains invisible, in 
some kind of "dark matter." During the 
past decade, figuring out what that dark 
matter is — dark stars, neutrinos, 
gravitinos, or some other exotic particle — 
has become one of the hottest topics in 
astronomy. 

Vera Rubin grew up in Washington, 
D.C., and graduated fiom Vassar in 1948. 
She received a master's deuree from 



Cornell University m 1951, and then 
followed her husband to Washington, D.C., 
where she received her Ph.D. from 
Georgetown University in 1954, following 
up on an idea suggested by the physicist 
George Gamow. 

Since 1965, she has been a staff 
astronomer at the Carnegie Institution of 
Washington's Department of Terrestrial 
Magnetism (DTM), where she continues 
her research on galaxies. She has been very 
active in encouraging women and 
minorities to pursue careers in science. She 
holds honorary degrees from Yale and 
Harvard and is a member of the National 
Academy of Sciences and the American 
Academy of Arts and Sciences. She and her 
husband Robert still li\e in Washington, 
D.C., where they have raised fourchildren, 
all of whom have Ph.D.'s in the sciences. 

♦ ♦ ♦ 

MERCURY: How did you get interested in 
astronomy? 

RUBIN: I got interested in astronomy as a 
child just looking at the sky. We moved to 
Washington when I was about 10 and we 



lived in the city. I had a bed immediately 
under a window that faced north. And I just 
started watching the stars. I could see the 
diurnal turning' of the stars and the Milky 
Way. I was fascinated and started reading 
[about astronomy), and built a very poor 
telescope, (laughs) a crummy telescope. I 
got a little lens from Edmund Scientific and 
a tube that linoleum came rolled in. You 
could see through it, I was pretty young but 
pretty interested and so next I tried to take 
pictures. I had a father who was an 
electrical engineer and really quite 
supportive, H*^ thought I was kind of nuts 
but he helped me to do the things I couldn't 
do myself. I quickly learned I couldn't take 
pictures through that home-made 
telescope. The moon would move, not only 
due to the diurnal motion but motion of the 
telescope as well, I'm sure. 

MERCURY: But yon knew from the time 
you v'c re quite young that you wanted to do 
astronomy. 



1 . The (hunuil (daih i fiioiKMi o\ the stars is caused b\ 
Ihc rotation (^I'lhc l:arth. - lid. 
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RUBIN: Yes. well from about that age, I 
knew I wanted to be an astronomer. I didn't 
know a single astronomer, male or female. 
Being a woman didn't bother me at all. I 
didn't think that all astronomers were male, 
because I didn't know. I didn't even know 
how you became an astronomer. 

MERCURY: You went to Vassar for 
college. 

RUBIN: I needed a scholarship and they 
gave me one. And I knew Vassar taught 
astronomy. I knew about the work of Maria 
Mitchell. So I went to Vassar and had a 
very, very nice classical education in 
astronomy and really learned a lot. It's not 
the way astronomy is taught nowadays. 
But I really got a lot out of it. • 

MERCURY: When you say it's not the way 
it's taught today, in what way was it 
different? 

RUBIN: Well, I did a lot of classical 
dynamics-. I v/orked through Smart's 
books on galactic dynamics and stellar 
astronomy, calculating orbits on a desk 
calculator. I learned a lot of what now we 
would probably call practical astronomy, 
coordinate systems, and mathematical 
descriptions, more than astrophysics. 

MERCURY: After graduating from Vassar 
in 1948, you started graduate school at 
Cornell. 



her I asked the question — if you removed 
the [Hubblel expansion of the galaxies, did 
they have any [other] systematic motion.^ 
1 remember she wrote to Milton 
Humason on the West Coast — this was 
1949 or 1950. It was known among 
astronomers that Humason and his co- 
workers had many more redshifts which 
had not been published. He responded by 
saying they would be public pretty soon [in 
fact, it was six years before the redshifts 
were published]. So I was sort of told by 
observers that I should wait until there were 
more redshifts. And it was known that 
Princeton's Kurt Godel was working on 
models of rotating universes and such, and 
sol was son of told by theorists that I should 
wait. I guess I was impatient and so I went 
ahead with the paper on the galaxies. 

MERCURY: You did find some systematic 
motions independent of the Hubble 
expansion. 

RUBIN: I put every galaxy at the distance 
its apparent magnitude would put it. I took 
out the motion the expansion of the 
universe would contribute at that distance. 
I then took what was left — what we call the 



3. The Huhhlv cxiiansion is the iiKUinn of galavies 
a\va\ from one another as a result ofthe expansion ot* 
the universe begun u iih the Big Bang. To understand 
these motions, astronomers measure the rtiditd 
vvlnciiy of a galaxy, the component of its ve!ocit\ 
a\Aay from us or toward us (/.t\. along the line of sight 
between the galaxy and an obsers er on Earth ). — Iid. 



residual motion — and just plotted them on 
a globe. I presume none of this work would 
hold up today. I think the magnitudes of the 
galaxies were not good enough, and the 
velocities were probably not good enough. 

I found that many of these galaxies 
defi ned a great circle on the sky, or roughly 
a circle, and that there were large regions of 
positive and negative values of residual 
velocity."^ What in fact I really found was 
the supergalactic plane, although I entitled 
the paper "Rotation of the Universe.'" 

MERCURY: But that was not well 
received? 

R U B I N : The paper was rejected b> both the 
Astrophysical Journal and the 
Astronomical Journal, but I did present 
it at an AAS meeting in Haverford in 
December 1950. 

MERCURY: But you were vindicated 
later, weren't you? You found the same 
lopsided expansion in the 1970s when you 
were working with Kent Ford. 

RUBIN: Well in principle, yes. The 
concept was a meaningful scientific 



4. Rubin hud found that spiral galaxies of the '-ame 
apparent brightnes^^ (and thus, presumabh. the same 
distance) \\ ere mo\ ing aw a\ from the obser\ er faster 
in one direction of ihe sk\ than in others. Her thesis 
uould later help con \i nee Gerard de Vaucouleurs of 
evidence for the existence of the Local Superclusterof 
galaxies. — E(L 



RUBIN: I went to Cornell because I had 
gotten married and my husband was doing 
his Ph.D. there. At the time, Martha Stahr 
Carpenter was one of two people in the 
Cornell astronomy department: the other 
one was a navy navigator. She had just 
recently gotten a degree at Berkeley and 
she was very interested in galaxy 
dynamics. So I continued doing some 
galaxy dynamics with her. There were then 
radial velocities known for about 108 or 
1 09 galaxies. For my master's thesis under 



2. Dynamics is the study of how objects move under 
the action of forces, e.g.. planets orbiting the Sun 
under the influence of the Sun's gravity, or stars 
orbiting the center of the Galaxy. — Ed. 




Vera Ruhin workint^ 
on the Carnegie 
image -tahe 
speetrografdi, 
w hich is attached 
underneath the 
Lowell 

Ohscnatory's 72- 
inch telescope. The 
telescope 's mirror 
is at the base of the 
white tube at upper 
right. This photo 
was taken in 1 965. 
(Courtesy Vera 
Ruhin) 
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question," as recent work by others on 
large- scale motions has indicated. 

MERCURY: Then you went to 
Georgetown University. 

RUBIN: We moved to Washington 
because my husband took a job there, and 
so I finished my graduate work at 
Georgetown, 

MERCURY: You were going to graduate 
school, which is hard enough, and you were 
also married and raising a family. How did 
you do it? 

RUBIN: It was the hardest thing in my life. 
I was at Cornell 2 or 3 years. I knew I wasn't 
going to be there long enough to get a 
Ph.D., so I didn't enter a Ph.D. program, but 
I did a lot of physics. I studied physics 
under Philip Morrison, Richard Feynmann, 
and Hans Bethe. I did a lot of coursework. 
I had our first child just as I was finishing 
that. I actually took my master's orals just 
a couple weeks before I had the child. 

So I had a masters and I knew galactic 
dynamics and I knew some physics. And 
then I entered Georgetown to do a IPh.D.I 
thesis and I got connected with George 
Gamow, who was a professional colleague 
of my husband's/' Ralph Alpher and Bob 
Herman who had been working with 
Gamovv on Big Bang cosmology were 
colleagues of my husband's. Gamow 
asked me a very interesting question and I 
decided to try to answer it as a Ph.D. thesis. 

MERCURY: And that was... 

RUBIN: The single question he had asked 
me was whether there was a scale length in 
the distribution of galaxies."' And I got hold 
of Harvard galaxy counts on the sky and I 



5. The observation that many locil galuvies are being 
pulled by something in the diiection of Pegasus is 
now caUed the Ruhin-Fonl effcci . — Ed 

6. George Gamow. an eminent nuclear physicist with 
a strong interest in astronomy, helped establish the 
idea thai the universe began with an explosive *'Big 
Bang." — Ed. 

7. Like her studies of large-scale motions of ga'axies. 
Rubin's interest in the distribution of galaxies pre- 
dated the current interest in the subject by about 20 
years. A two-point correlation analysis deierinines 
the probability that a galaxy will have a second galaxy 
located at a specific distance from it. — lul. 



applied a two-point correlation analysis to 
it. So niy entire Ph.D. work really consisted 
of a single correlation analysis, something 
you would now do on a computer in 
minutes. Although in those days it was a 
messy job getting the data together. In the 
late 1960s, theJapanese applied correlation 
techniques to the distribution of galaxies, 
and then Jim Peebles started in the 1970s. 

MERCURY: There are a lot a women 
astronomers who are trying to juggle 
family and career. You've been successful 
both in your career and with your family. 
Do you have any advice for them? 

RUBIN: Well, I guess the only advice I 
would have is just sort of muddle through. 
It gets easier. The tnost important thing of 
course, and I was truly blessed, is to marry 
the right man. And I don't say that lightly 
because it*s \ery easy for a marriage to 
suffer and even not to survive, if one is 
really, really dedicated to anything, 
including astronomy. I had the advantage 
that my husband was as dedicated to his 
physics as I was to my astronomy, but that 
we also both were enormously interested in 
having a family and raising the children. 
For many, many years, our lives consisted 
of nothing but our research and our family. 
The children really benefited because they 
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had a very active father who helped raise 
them. And it's not all disadvantages. 

If you are very, very busy, you don't 
have to pretend you aren't. I always needed 
help, and so running the house was always 
everybody's job. 1 was very outspoken 
when I was raising the children by 
informing them as often as necessary that I 
was not the maid. And we also had the great 
fortune of living in a very large old house in 
Washington so everybody had lots of 
space; that really helped. The kids had their 
rooms and I never cared what they looked 
like. V/e have lots of large tables. We have 
a very large table in the dining room. We 
have a very large table in the breakfast 
room. We have a little room with a large 
table and my husband used to always 
humorously say that there would I'.l ways be 
a space on one of the tables where we could 
eat. Things were always spread out on 
those tables. Ididalotof my work at home. 
So having a family and career was very 
hard, but it's do-able. 

MERCURY: You were the first woman to 
be permitted to observe at Palomar? 

RUBIN: 1 was the first person to be 
permitted to U\^all\ observe at Palomar. 
Margaret Burbidge had observed there. 
Geoff [Burbidge, Margaret's husband, a 
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Vera Ruhin measures shifts in y^tlaxy emission lines from plates taken with the Carnegie imaf^e-tubc 
spectra f^raph (taken someti:ne in the 1970s). Ruhin used the measured emission -line shifts to 
calculate velocities of stars around the center of their ^akixies. (Courtesy Vera Rubin) 
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Announcing: Workshop on Women in Astronomy 



The Space Telescope Science Institute is planning a workshop on the Status of 
Women in Astronomy, to be held at the Institute on Septembci 8-9, 1992. The workshop 
will be geared towaid the professional levels /.c, graduate students, post-doctoral 
fellows, junior and senior astronomers^ and administrators. The agenda will include 
discussion of the current status of women in the field, the particular challenges women 
face, and ways to improve the recruitment and retention or women in astronomy. 

The organizing committee for the workshop includes Neta Bahcall, Peter 
Boyce» France Cordova, Laura Danly, Doug Duncan, RiccardoGiacconi, Anne Kinney, 
Julie Lutz, Goetz Oertel, Charlie Pellerin, Ethan Schreier, Meg Urry, and Sidney Wolff. 
For further details about the workshop, including registration information, please 
contact Barb Eller Jedrzejewski, Conference Coordinator, Space Telescope Science 
Institute, 3700 San Martin Drive, Baltimore, MD 21218, i410)338-4836, or e-mail 
addresses; (decnel) STSCIC::ELLER, (bitnet) ELLER@stsci, (internet) 
ELLER@stsci.edu. 



theorist^ not an observer] had a Carnegie 
post-doc» and she must*ve just been given 
some research appointment. He was thus 
eligible for telescope time and she certainly 
went up and used the telescope, but she was 
not permitted to stay there. How often they 
let her, if it was frequent, I don't know but 
I suspect it was only a few times. But she 
had gotten up there, under his name. 1 was 
the first to observe under my own name. 

MERCURY: One of the arguments that 
was made against having woman observers 
was that there weren't appropriate 
bathroom facilities. 

RUBIN: That is correct. 

MERCURY: When you obserx^ed, was that 
a problem? 

RUBIN: (Laughs) No, but let me tell you 
the full story. I now work for the Carnegie 
Institution^ and I have been reading its 
yearbooks, starting in 1902 when Andrew 
Carnegie formed the Carnegie Institution 
and work on Mt. Wilson Observatory 
began. He wanted to build a facility, and he 
says so, where the men would not be 
bothered by their families. So he called the 
living quarters on Mt. Wilson the 
'^Monastery," built small rooms, and did 
not permit families. I certainly am not 
excusing anybody, but this problem wasn't 
something that originated in 1948 when 
Palomar's 200-inch building was built. 
Even today, there is only one toilet on the 
ground floor at Palomar and it says *'Men." 

I was asked actually by Alan Sandage 
in 1963-64 if I would like to apply for 
telescope time at Mt. Wilson or Palomar. I 
was sent a proposal form which said, 
printed, '*Due to limited facilities, it is not 
possible to accept applications from 
women." And someone had penciled in 
"usually.'' 

My first night on the mountain, it 
snowed. I had asked for 48-inch Schmidt 
time and I was given it. Olin Eggen was on 
the 200-inch. So he took me around the 
200-inch, and with great majesty he opened 
the door and said, "This is the famous 
toilet." These days they've built a console 
room off the 200-inch where we work and 
there's a toilet there and it doesn't say 
anything on the door. About two years ago, 
I sort of got annoyed at this "Men" sign and 
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I cut a little figure with a skirt and I pasted 
it up. It stayed for the four days I was there, 
but it wasn't there the next year. 

MERCURY: Why were you the first? Was 
it your research that was found to be 
particukirly deserving, did they like you, or 
was it just that the times had changed? 

RUBIN: Let me hope that the work I was 
doing wus interesting enough. I really had 
wanted to get back to a program in galaxy 
dynamics. It was what I knew and it was 
what I was interested in. And there was 
some very interesting work going on by 
Guido Miinch who was observing stars in 
our own Galaxy toward the center, trying 
for the first time to deduce a rotation curve*' 
of our own Galaxy, star by star. He picked 
stars and he tried from their spectroscopy to 
get their distance, and then assumed 
circular orbits. He had attempted to get 
rotation curx'es for the inner part of the 
Galaxy. 

My usual interest was sort of 
orthogonal, or 180^^, from others. 1 was 
interested in looking at the outside of the 
Galaxy and trying to deduce the rotation 
curve for the outer part of the Galaxy. 1 had 
done some of this with student.- at 
Georgetown, just using bright O and B stars 
from the literature. And ultimately I got to 
the point where I needed to make my own 
observations. I just couldn't find distant 
enough stars. And so in 1963, when Kitt 

8. A rotation cun c is a plot of the orbiiiil speeds of 
stars at different distances from the center of a galaxy. 



Peak opened, I started using the 36-inch 
telescope to get orbital velocities of such 
stars near the anticenter of the Galaxy [the 
direction in the sky directly opposite the 
Galactic center) to extend the rotation 
curve of our own Galaxy. I had been 
attempting to get radial velocities of •^tarsas 
far to the outside of the disc of our Galaxy 
as I could identify stars. That work was 
very well received; I think people found it 
interesting. Such a probe of the outside 
regions of the Milky Way had never really 
been done before in that fashion and f d like 
to think that it was because of the research 
[that 1 was asked to apply for observing 
time at Paloniar). 1 clearly had 
demonstrated that I knew how to use a 
telescope. 

MERCURY: More recently, people have 
given you a lot of credit for changing the 
way astronomers look at the universe. 
They say that 300 years ago astronomers 
thought that the universe consisted of what 
they saw. And yon came along and all of a 
suddenthe universe really consisted mostly 
of what you can 7 see. How did all of that 
come about? 

RUBIN: This is a very, very long story. It's 
also really integrated with everything else 
I'd ever done. It started because I didif t 
like working on problems that many other 
people were working on and where I ' 'as 
constantly being besieged with questions 
about the work. I really wanted a problem 
that I could sit and do at my own pace, 
where I wouldn't be bothered. 

It followed some very early work 1 had 
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done on QSOs [quasars] with the image- 
tube spectrograph*' when I first came to 
Carnegie. We had an instrument that could 
look very deep into the universe. We 
studiedquasarsforayearortwoandl found 
it personally very distasteful, I just didn't 
like the pressure of other astronomers 
calling and asking me if I had observed this 
and if i knew what the redshift was. 1 didn't 
get to a telescope very often and it meant 
that I either had to give out answers that 1 
was uncertain of, or say I hadn't done it and 
someone else would then go do it, I just 
decided that wasn't the way I wanted to do 
astronomy, 1 feel that I already have 
enormous numbers of internal pressures 
and I don't need external pressures on top 
of them, I really like to be left alone while 
Fm working. 

So I decided to pick a program that no 
one would care about while I was doing it. 
But, at the same time, one that the 
astronomical community would be very 
happy with when I was done. So I decided 
to do a very systematic survey [of galaxy 
rotation curves). My hope was tnat if 1 
understood the dynamics of spirals (Sa's, 
Sb's, Sc's),'" I would begin to understand 
why spiral galaxies came indifferent types; 
that I would learn more about the formation 
and evolution of spirals by just knowing 
their dynamics. And so I very carefully set 
up a fairly long-term program to observe 
about 60 galaxies, 20 of each kind. I started 
with the Sc's, of both low- and high- 
luminosity. 

We found something surprising right 
away, really immediately, probably the 
first night, with our first few spectra. I did 
most of the observing with Kent Ford, who 
had built the spectrograph initially and who 
is really a superb instrumentalist, Afterour 



9. The iituit^r iiihc spccintjiiraph lhal Rubin used vMis 
a siate-ot-ihc-ari instrument (in the lyftOs). built b\ 
Kent Ford, v^hich. like a prism, spread the light fr(Mii 
the stars i»ut into their component colors u hich could 
then be anal\/ed. Because it used an electronic 
enhancer called an imaye-tube. it was much more 
sensiti\e than an> earlier spectrojiraplis and could be 
used to analyze the hght from much fainter objects 
than had previ(uisl> been possible. — Ed. 

10. Spiral galaxies are classified according to their 
appearance. Those uith tightlv v^ound spiral arms 
and a prominent central bulge of stars arc called Sa 
iioUnics. whereas those v,'nh loosely v^ound spiral 
arms and a small central bulge are Sc i(ala\ic\. Sh 
fiolaxics are intermediate between the iwo. — Ed. 



first observing run, we had about a dozen 
spectra ano all the rotation velocities were 
high, all of them were a surprise , 

MERCURY: What is it that you found that 
was so surprising? 

RUBIN: Let me tell you what had always 
been expected. Just following Newton's 
Law, one expects that as you get farther and 
farther from a mass concentration, stars' 
orbital velocities will be slower and slower. 
This is true in the solar system, where the 
outer planets orbit much slower than the 
inner ones. 

In the case of galaxies, we were 
estimating the mass by the luminosity we 
observed. And because there was so much 
luminosity in the center, it was assumed 
that most of the mass was at the center and 
[the amount of mass] would fall off quite 
rapidly [as you went out from the center). 
So it was expected that ultimately we 
would get to regions in the galaxy where 
virtually all of the mass was interior, and 
the stars' velocities would follow the same 
pattern as they do in the solar system. 

The Burbidges had really done the 
most beautiful work up to that time [on 
galaxy rotation curves). They were much 
more limited by their instruments than I 
was and very seldom did the observations 
go much beyond the very bright central 




distance from 
center 



velocity 

Astnmamcrs expected the rotation cmres of 
i^akixies to rise until they reached the point 
w here most of the mass of the iiuUny was 
inierioK and then turn over and decrease 
(dashed line). Planets in the S(dar System. 
\diere almost all of the mass is inside the Sun. 
follow such a pattern, with Pinto movin\» much 
slower than Mercun\ Huhin found that i>ala.\y 
rotation curves do not turn over or decrease 
with distance fr(tm the center, as expected, hut 
instead remain relatively flat <mce outside of 
the innermost re\^ions (solid line). 



regions. And you could see the rise and you 
could see it sort of turn over and flatten out 
and then everyone just assumed the curve 
would fall beyond that point. So it was 
expected that when there was sufficiently 
sensitive instrumentation to observe farout 
in the galaxy, you would find that the 
rotation curve would rise, turn over and 
fall. 

And so I decided to use the gain in 
sensitivity made possible by the image tube 
[to address this problem). Most people 
used the image tube to go deeper into the 
universe — to work on quasars and on the 
most distant objects, I decided to just go 
completely across a galaxy and determine 
the dynamics all the way out. It just was 
apparent after the first few of these that 
what we were seeing were almost straight 
lines on the spectra," You could .see it by 
holding them up, 

MERCURY: What did you think when you 
saw it? This was obviously not what you 
expected, 

RUBIN: People keep asking me that. And 
I have to be really very honest. What I 
thought initially was just great delight in 
having gotten to the edge of the galaxy. 
You first want to see that it's do-able. You 
devise a program and you try something 
hard and you look and there's something 
there. And so what I remember most of all 
is just this incredible delight ai the 
gorgeous spectra. They really were 
something! And then I started trying to 
figure out what was going on and my initial 
idea was totally wrong, I thought there 
must be some kind of a feedback 
mechanism. If a star orbited too rapidly, it 
was slowed down. And if it orbited too 
slowly, it was speeded up. 

[It turns out that there is no feedback 
mechanism. The rotation curves did not 
turn over and fall because there is still a 
considerable amount of matter in the outer 
regions of galaxies, regions where few stars 
arc visible. Since we cannot "see" light 
from this material, it has become known as 
"dark matter." Astronomers estimate that 
as much as 9()-937r of all the matter in a 



I I. The straight lines on the spectra meant that the 
nnation curves far out tron^ the center (»t the galax> 
were flat. — Ed. 
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r/id' spiral i^aldxy NGC 7541 (lower) was one of many studied hy 
Ruhin. The spectrum she obtained of the }i(da.\y is shown above it 
(and at the same scale), with the horizontal axis- representing* 
distance from the i>alact\c center (the thick vertical line), Li}»htfrom 
the stars in NGC 7541 is spread out into its component colors 
vertically. The darkest horizontal line in the spectrum corresponds 
to emission from hydroiien t^as. while the line above it comes from 
nitroi>en. Because of rotation, half of the galaxy appears to he 
movinii toward us. and half movini^ away from us. causiui^ the shift 
in the emission lines on either side of the nucleus. The amount of shift 
is related to the (u-hital velocity at each point. As you move farther 
out from the center, the number of stars visible, and thus the amount 
of light decreases. But the emission lines appear flat out to the edi»e 
of the visible part oft he i^ala.\y where few stars are visible. Thus there 
must be a considerable amount offnoss far from theiialaxy's center, 
which does not shiiw aiul which we therefore cannot see. (Courtesy 
Vera Rubin) 



galaxy is in the form of thisdark matter (and 
no one is sure exactly what dark matter is). 
If the estimate is correct, the stars and 
nebulae we have studied for centuries 
because we see their light could represent 
only 5- 1 0% of what is really there. — Ed, ] 

MERCURY: What was the reaction of 
astronomers to your rotation curves and the 
existence of dark maUer implied by them? 

RUBIN: I remember that it was not totally 
accepted by a lot of people. We scientists 
really change oar ideas very slowly. We 
demand (I think we have to) an enormous 
amount of evidence before we will change 
our minds. And I remember some 
astronomers said, when we published this 
first dozen very tlat rotation curves, "Well, 
that's because you've observed all the 
high-luminosity, brighter galaxies. Once 
you observe the lower luminosities, you'll 
find falling rotation curves." Actually it 
turns out that the lower mass, lower 
luminosity galaxies have a larger fraction 
of dark matter. Their rotation curves never 
really even turn, they just ri.se. Even with 
that evidence, of the first dozen or .so 
rotation curves, it was not overwhelmingly 
accepted, 

MERCURY: What finally convinced 
people? Was it seeing your spectra with 
their own eyes? 



1 2. For more on dark msii. « ,ce ihe articles by W. & 
K. Tucker in the Jan/Fcb and Mar/Apr 1989 issues of 
Mercury Ed. 



RUBIN: The change came from many 
directions. I think we still learn a lot from 
our eyes. And those spectra were so Hat, 
and so really lovely, that you just had to 
show them to an astronomer and she would 
understand. Once the concept of a different 
gravitational potential'^ (one not defined 
by the light) surfaced, it was kind of 
shocking. The idea that when we thought 
we were studying the universe, we were 
just studying of the universe was 
amazing. It took a while for everyone to 
come to terms with the fact that virtually 
everything we had ever learned in 
astronomy we had learned through 
photons There are a few exceptions — 
cosmic rays, a few neutrinos, a few things 
pass by that are not photons. But virtually 
everything we had ever learned about the 
universe, we had learned through photons. 
Suddenly we had to understand that no one 
ever promised us that all matter would 
l adiate photons — that much of the cosmos 
could be dark. It does enlarge your vision. 

MERCURY: It's interesting because you 
said that you had wanted to work by 
your.self on something, and yet your work 
turned dark matter from speculation into 
really big news, a hot topic. 



1 Gravitational potential refers lo the gravitational 
pull produced by a mass concentration, in this case the 
gravitational effects on stars caused by the presence 
of dark matter. — Ed, 

14, Photons are discrete units of electromagnetic 
energy, including visible light, radio, infrared, and 
ultraviolet radiation. — Ed. 



RUBIN: That's right. Well, you know, we 
all change and, I have to confess, I have 
finally gotten into this... Sometimes I don't 
pursue directions that might be interesting 
just because I think they're too 
controversial. It has been a minor 
restriction but it really has been my own 
choice. 

MERCURY: Some people have said, when 
talking about you, that you had a really 
unconventional career. 

RUBIN: That's correct, that's very correct. 

MERCURY: In what way? 

RUBIN: Unconventional certainly in the 
early part. I did not go to any of the colleges 
or universities that traditionally turn out 
astronomers. I didn't study under any 
astronomers who were research 
astronomers of note. So I had to learn an 
enormous amount by my.se If, And 1 also 
was raising a. family at the same time. And 
very happy doing both astronomy and 
raising a family. 

So the kind of life I led was really very 
different from the kind of life that most 
graduate students in astronomy were 
doing. I think it did influence to a very large 
measure the kind of programs I chose to 
work on. Had I been at a real establishment 
institution, I probably would have just 
absorbed the knowledge that these topics 
were so .speculative, that they were just not 
worth doing. Or worse than that — the 
ideas may have just been called wrong and 
not worth doing. I was not in a position 
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Women's Work (1986) 



The following excerpt is from an 
article on v^'omen astronomers 
entitled "Women's V/ork'' by Vera 
Rubin that appeared in the July/Aug 
\ 1986 issue of Science 86. // is 
; reprinted with the author's 
! permission. 



Since the 1950s, opportunities for 
women in astronomy have increased, bul 
serious problems have not disappeared. 
Women whose brilliance is apparent at an 
early age can study at prestigious 
undergraduate universities, be accepted to 
graduate schools, accomplish important 
research, and obtain university or 
observatory positions. But, as with their 
male counterpar:s, such brilliance is rare. 
The remainder suffer because of their small 
numbers. 

A student who thinks she might like to 
be an astronomer will often enter a 
department where she will be the only 
woman student; there will be no women on 
the faculty. If fortunate, she will find a 
sympathetic advisor and congenial 
colleagues with whom to study. Even so, 
she will be treated differently from male 
students. One faculty member may 
proclaim openly that he doesn't want a 
woman to work with him. Her work will be 
scrutinized with a care that most of her male 
counterparts will be lucky enough to escape. 
She will stand out in everything that she 
does. And if she persists and obtains a 
degree, her advisor may well sit her down 
and suggest that she not set her sights too 
high in seeking a postdoctoral position. 

This kind of gatekeeping also serves to 
limit opportunities. The letters of 
recommendation that heradvisor writes will 
not be discriminatory but may be subtly 
different and tentative. If she is married, she 
may not receive job offers: "We thought her 
husband would not want to move" is the 
usual excuse. And when she goes to a 
meeting, she is likely to be the only woman 
attending. 

Permanent jobs in astronomy are scarce 
and hard to get for young men and women 
alike. Affirmative action seems to have 
made few inroads in the filling of academic 
positions. It is common for an astronomy 
department to receive lOO or more 



applications for a job; usually no more than 
one or two of the candidates are women. 

Women constitute only a tiny fraction 
of tenured professors of astronomy. I 
think this is in part because the field of 
astronomy is still so dominated by a male 
establishment. A single member of a 
department search committee who is 
reluctant to add a woman to his staff can 
have an. ciiormous influence for many 
years. Cases have occurred in which an 
application list of many has been carefully 
narrowed down to three: two men and one 
woman, in that order. Following job offers 
to the top two, who decline the offer, the 
decision is then made to reopen the 
competition rather than offer the job to the 
third. Rarely does this happen when the top 
three candidates are male. Unfortunately, 
as thejob market becomes even tighter, it is 
unlikely that the number of women in 
tenured academic positions will increase. 

The saddest part, of course, is that only 
about one-fifth of the women who enter 
college intend to study science. Lack of 
support and encouragement at an early age 
has by then taken its toll. A young woman 
who enters graduate school to study science 
is a rare creature indeed, to be encouraged 
and supported. But instead, the colleges are 
often a part of the problem rather than a part 
of the solution. 

In spite of these difficulties, women 
are becoming astronomers — and 
successful ones. They are asking 
important, imaginative questions about the 
universe and getting answers no less than 
their male colleagues. Only for the past 20 
years or so have they been permitted to 
apply for telescope time on all telescopes 
— time being allotted on the basis of the 
excellence of the proposal. Now about one- 
third of the telescope time of the national 
facilities, which include Kitt Peak 
Observatory outside of Tucson, Arizona 
and Cerro Tololo Observatory in Chile, is 
assigned to women. 

A cable that was sent to me in 1978 is 
a testament to that. "Dear Madame," it 
reads, **You might appreciate hearing that 
four women astronomers are observing on 
Cerro Tololo tonight, on the four largest 
telescopes! WeareM.H.Urich,M.T. Ruiz, 
P. Lugger, and L. Schweizer." I hope the 
sky was very clear that night. 



where I was ever told that or expose i to that 
kind of pressure. So I just went ahead on 
my own. I think it's also honest to say, that 
such an approach has a good side and a bad 
side. Its bad side is that the work was 
virtually unknown, ignored^ or considered 
wrong. But I think there was at least some 
intellectual rationale for asking those 
questions even if they couldn't be answered 
at that time, k wasn't a bad way to work. I 
iiave no regrets. 

MERCURY: Has it gotten better for 
women now than it was when you started 
out? 

RUBIN: I think the answer is yes. Vm 
satisfied that it is improving. But it really is 
improving very, very slowly. It's partly 
because university academic departments 
are filled with people with tenured 
positions that don't change very often. It 
will be a long, long, long time (unless there 
is really some very positive action) before 
astronomy (and physics even more so) is 
not a man's world. It's going so slowly that 
at times it's hard to be optimistic. 

MERCURY: What do you think it will take 
to make it better? 

RUBIN: Well, it will take people wanting it 
to change. Or it will take a political climate 
that really believes in affirmative action, 
that really believes that opportunities ought 
to be made available equally to everyone. I 
think at the present time opportunities are 
not really made equally available. There 
are always enough men in positions of 
authority and power that are not 
enthusiastic about making opportunities 
available to everyone equally. And a few 
men in a department who don't want to 
work with women at all. The opportunities 
available for women aie stil! fewer than the 
opportunities available for men. 

MERCURY: Why do you think you have 
been successful as an astronomer — as a 
woman and an astronomer — while other 
women have not and have ended up 
dropping out. 

RUBIN: That's not a fairquestion, because 
that's the kind of question we only ask 
someone who has been successful. There is 
a tragedy in that question and the tragedy is 
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that there may be hundreds and even 
thousands of women who would have liked 
to have been astronomers and who would 
have made great astronomers and really 
never had the opportunity. They're the 
ones that ought to be asked what would 
have been necessary to make it possible for 
them to do astronomy. Sure, statistically, 
some people will succeed and maybe it*s 
sheer luck. Maybe I was just at the right 
place at the right time, and was as good as 
the males around — as astronomers who 
were male — so I survived. But I don't 
know, it's hard to say. I think a good part of 
it is luck. I think a good part of it is being 
well enough prepared so you can take 
advantage of good luck when it comes 
along. And, for me, I think it's also been 
having a supportive husband and 
supportive family. 

MERCURY: Your daughter. Dr. Judith 
Young, is also an astronomer, making you 
tv/o about the only mother-daughter 
astronomer pair people normally can think 
of. Did she ask for any particular advice or 
did you give her any particular advice on 
astronomy as a career? 

RUBIN: She, all of her high school days, 
had planned to study biology and 
chemistry. All of our children went 
through the Washington, D.C. public high 
schools. During her senior year in high 
school, I taught a college-level 
introductory course in astronomy. I just 
walked into the high school and 
volunteered my time. And by the end of 
that term, she decided she wanted to be an 
astronomer. I think that all these things she 
had grown up around just suddenly made 
sense to her, and must have looked 
appealing. She has done very well, but still 
she's had difficulties in her career that 
would probably not have faced a man at the 
same level at the same time. She was an 
undergraduate at Radcliffe, and her very 
young, very bright advisor suggested she 
go off and get mairied the first time she 
went to him with a problem. She was 
enrolled as a Ph.D. student when she got 
married and the faculty decided that she 
should terminate with a masters because 
she could not be very serious about being an 
astronomer if she was getting married. It's 
hard to say whether — this was in the late 
1970s — a young man at the same time 
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Vera and Boh Rubin (center) w ith their children (left to rii^ht) Karl. Judy Young. Allan and David, 
plus David '.v wife Michelle and assorted i^randchildren. { Photo by Pat Lanza Field) 



would have been hassled because he chose 
to get married. But she survived even so. 

MERCURY: Is there any advice you would 
give to a young woman considering a 
career in astronomy? 

RUBIN: Well, my advice is just not to give 
up. To just muddle through, to just get 
through. This is advice at the college level 
and the graduate level. You may meet an 
enormous number of hardships during the 
college days. I think many colleges, 
universities and graduate schools really 
still are not totally supportive of young 
women. Some are, just as some men are. 
There are some wonderful people in this 
world who do offer support to all kinds of 
people. But for those young women 
students who seem to be having a tough 
time, my advice would be, as I said, just not 
to give up. Not to feel that the problem is 
with them, but rather to have the confidence 
to feel that the problem is with the system. 
And if you can just get through, and get a 
degree, and get a job, you have a good 
chance of making it in the astronomical 
world. 

MERCURY: You stuck with astronomy all 
these years. Is astronomy fun? 

RUBIN: Oh, it's enormous fun. lt*s 
enormous fun. Every day is (laughs) fun. 
Observing is spectacularly lovely. Really, 
really quite inspiring. And 1 enjoy 



analyzing the obsetvations. trying to see 
what you have, trying to understand what 
you're learning. It's a challenge, but a great 
deal of fun. It's not only fun, but a lot of it 
is just plain curiosity — this incredible 
hope that somehow we can learn how the 
universe works. What keeps me going is 
this hope and curiosity, this basic curiosity 
about how the universe works. 

Possibly more than many people, 1 
have really been privileged to have a job 
where I can do very much what I want. And 
that really means it's such a joy to get up 
and come to work. Many days I really don't 
have a very clear idea of what I'm going to 
be doing. I just sort of continue where the 
work seems to lead. And that, to me, is just 
a lovely way to work. 

MERCURY: You're lucky to have found 
something that you enjoy so much. 

RUBIN: That's correct. 1 think that 
probably one of the greatest blessings there 
is, is to really find every day such a joy. ■ 



For more on Vera Rubin's work and 
career, sec the articles by and about 
her in the bibliography in this issue. 
We especially recommend the 
interview wn.. her in the book 
Orii^ins for a more extended 
perspective on some of the issues and 
projects discussed above. — Ed, 
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Astronomical Resources 



Women in Astronomy: 



■General References 
on Women in Astronomy 

Alic, M. Hypafia's Heritage: A History of 

Women in Science from Antiquity to the Lite 

Nineteenth Century. 1 986, Women' s Press. 
Davis, H. "Women Aslronomers" in Popuhir 

Astronomy, May and June 1898: vol. 6, 

p. 129 and p. 211. 
Gornick, V. Women in Science. 1983. Simon & 

Schusier. Nol much astronomy but a good 

general iniroduclion. 
Flam, R "Siill a 'Chilly Climate' for Women?" 

in Science, vol. 252, p. 1 604, June 2 !J 99 1 . 
Fins, A. Women in Science. 1979. VGM Career 

Horizons. 

Haas, V.B. & Perucci, C.C.. eds. Women in 
Scientific and Eni^inecrinii Professions. 
1984, U. of Michigan Press. 

Jones. B. & Boyd. L. "A Field for Women." 
chapter 1 1 of The Harvard CoHcf^eOhserva- 
toty, IH39-I9I9. 1971, Harvard U. Press. 

Kass-Simon. G. & Fames, P. . eds. Women of 
Science: Rightint^ the Rectnd. 1990, Indiana 
U. Press. Contains chapter on female 
astronomers. 

Kidwell, P. "Three Women of American 
Astronomy" in American Scientist. May/ 
June 1990, p. 244. (On Mitchell. Cannon, 
and Payne-Gaposchkin) 

Kidwell, P. "Women Astronomers in Britain 
1780 - 1930" in his. Sep. 1984: vol. 75. 
p. 534. 

Klumpke. D. "The Work of Women in Astron- 
omy" in Observatory. Aug. 1899 (vol. 22. 
p. 195.) 

Krupp. E. C. "Astronomical Msings" (sic) in 
Griffith Observer, vol. 39. p. 8. May 1975. 

Lankford, J. & Sla\ ings, R. "Gender and Sci- 
ence: Women in American Astronomy 
1859-1940" in Physics Today. Mar. 1990. 
p. 58. 

Lightman, A. & Brawer. R. Origins: The Lives 
and Worlds of Modern Cosmofogists. 1 990, 
Harvard U. Press. (Includes interviews with 
Vera Rubin, Margaret Geller. and Sandra 
Faber. ) 

Mack, P. "Straying from Their Orbits: Women 
in Astronomy in America" in Kiiss-Simon. 
G. & Fames, P.. eds. Women of Science. 
1990. Indiana U. Press. 

Mack, P. "Strategies and Compromises: 
Women in Astronomy at Harvard College 
Observatory" in Journal for the History of 
Astronomy, vol. 2 1, p. 65 ( 1 990). 

McKenney. A. "What Women Have Done for 
Astronomy in the United States" in Popular 



Astronomy, vol. 12, p. 171 ( 1904). 
Nelson, D. "Daughters of the Sky: A Brief 

History of Women in Astronomy'* in Griffith 

Observer, March 1983, p.2. 
Ogilvie, M. Women in Science (A Biographical 

Dictionary). 1986. MIT Press. 
Reed. H. "Women's Work at the Harvard 

Observatory" in New England Magazine. 

vol.6, p. 174(1892). 
Richardson, R. "Astronomy — The Distaff 

Side" in Leaflets of the Astronomical Society 

of the Pacipc, #181, March 1944. 
Rizzo. P. "Early Daughters of Urania" in Sky <&. 

Telescope. Nov. 1954, p. 7. 
Rossiter, M. Women Scientists in America. 

1982. Johns Hopkins U. Press. 
Rubin. V. "Women's Work: Women in Modern 

Asironomy" in Science ^6, Jul/Aug. 1986. 

p. 58. 

Siegel. P. & Finley, K. W(nnen in the Scientijlc 

Search: An American Hio-hihiliography, 

1985, Scarecrow Press. 
Spradley, J. "Women and the Stars" in The 

Physics Teacher, Sep. 1990, p. 372. 
Warner. D. "Women Astronomers" in Naturcd 

History. May 1979, p. 1 2. 
Widnall. S. "Voices from the Pipeline: Women 

in Science " in Science. \ ol. 241. p. 1740 

(30 Sep. 1988) 
Zahm, J. "Women in Astronomy" in W(mum in 

Science. 1913. D. AppUnon. (pp. 167-196) 
Zuckerman, H., Cole, J.. & Bruer. J. The Outer 

Circle: Women in the Scientific Community, 

1991. W.W. Norton. Includes an extensive 

interview with Harvard astronomer Andrea 

Dupree. 

■ References on A Few Specific 
Women Astronomers 

Baiiunas, SalHe 

Flamsteed. S. "Star Spots: The Work of Sallie 
Ballunas" in Di.scover. Dec. 1991. p. 29. 

Bell Burnell, Jocelyn 

Bell Biirnell. J. "Little Green Men. White 
Dwarfs, or What?" in Sky & Telescope, Mar. 
1978, p. 218. 

Greenstein, G. "Neutron Stars and the Discov- 
ery of Pulsars" in Mcrc/zry, Mar/Apr. 1985, 
p. 34 and May/June 1985, p. 66. 
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Reed, G. "The Discosery of Pulsars: Was Credit 
Given Where It Was Due" in Astronomy. 
Dec. 1983. p. 24. 

Burbidge, Margaret 

Aip. H. & Fraknoi, A. "The Award of the 1982 
Bruce Medal to Margaret Burbidge" in 
Merciuy. Sep/Oct. 1982, p. 154. 

Burbidge, M. "AdvenlureintoSpace [Presiden- 
tial Address to the American Association for 
the Advancement of Science]** in Science. 
vol. 221. p. 421 (1983). 

Reed. J. "A 'Jreat Woman Astronomer Leases 
England Again" in Smithsonian, Jan. 1974, 
p. 34. 

Rubin. V. "E. Margaret Burbidge: (AAASl 
President -Elect" in Science, vol. 21 1. p. 9)5 
(1981). 

"The Stargazer" in Time magazine. Mar. 20. 
1972. p. 38. 

Cannon, Annie 

Bok. P. "Annie Jump Cannon 1863 - 1941" in 
Publications of the A.SP., Jun. 1 94 1 , vol. 53. 
p. 168. 

Emberlin. D. Science: ContrihittionsofWofnen. 
1977. Dillon Press. Includes a section on 
Cannon, pp. 7-27. 

Merrill. P. "Annie Jump Cannon" in Monthly 
Notices of the Royal Astronomical Society. 
vol. 102. no. 2. p. 74(1942). 

Payne-Gaposchkin. C. "Miss Cannon and Stel- 
lar Spectroscopy" in The Telescope (prede- 
cessor to Sky &. Telescope), vol. 8. p. 63 
(1941). 

Veglahn. N. "Annie Jump Cannon, Astrono- 
mer" in Women Scientists. 1992. Facts on 
File. 

Welther, B. "Annie JumpCannon: Classificrof 
the Stars" in Mercuiy. Jan/Feb. 1984, p. 28. 

Faber, Sandra 

Lightmp.n. A. & Brawer. R. "(Intcrviev/ with] 
Sandra F-^aber" in Origins. 1990. Harvard 
U. Press. 

Pasachoff, J. "Interview with Sandra Faber" in 
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